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Description 

RELATED APPLICATIONS 

5 This application claims benefit to US Provisional Patent Application Number 60/052,720, filed July 3, 1 997. 

FIELD OF THE INVENTION 

This invention relates to newly identified polynucleotides and polypeptides, and their production and uses, as well 
io as their variants, agonists and antagonists, and their uses. In particular, the invention relates to polynucleotides and 
polypeptides of the MurC family, as well as their variants, hereinafter referred to as "MurC," "MurC polynucleotide(s), 
■ and "MurC polypeptide(s) B as the case may be. 

BACKGROUND OF THE INVENTION 

15 

It is particularly preferred to employ Staphylococcal genes and gene products as targets for the development of 
antibiotics. The Staphylococci make up a medically important genera of microbes. They are known to produce two 
types of disease, invasive and toxigenic. Invasive infections are characterized generally by abscess formation effecting 
both skin surfaces and deep tissues. S. aureus is the second leading cause of bacteremia in cancer patients. Osteo- 

20 myelitis, septic arthritis, septic thrombophlebitis and acute bacterial endocarditis are also relatively common. There 
are at least three clinical conditions resulting from the toxigenic properties of Staphylococci. The manifestation of these 
diseases result from the actions of exotoxins as opposed to tissue invasion and bacteremia. These conditions include: 
Staphylococcal food poisoning, scalded skin syndrome and toxic shock syndrome. 

The frequency of Staphylococcus aureus infections has risen dramatically in the past few decades. This has been 

25 attributed to the emergence of mu Itiply antibiotic resistant strains and an increasing population of people with weakened 
immune systems. It is no longer uncommon to isolate Staphylococcus aureus strains which are resistant to some or 
all of the standard antibiotics. This phenomenon has created an unmet medical need and demand for new anti-microbial 
agents, vaccines, drug screening methods, and diagnostic tests for this organism. 

Moreover, the drug discovery process is currently undergoing a fundamental revolution as it embraces "functional 

30 genomics, 0 that is, high throughput genome- or gene-based biology. This approach is rapidly superseding earlier ap- 
proaches based on "positional cloning" and other methods. Functional genomics relies heavily on the various tools of 
bioinformatics to identify gene sequences of potential interest from the many molecular biology databases now available 
as well as from other sources. There is a continuing and significant need to identify and characterize further genes 
and other polynucleotides sequences and their related polypeptides, as targets for drug discovery. 

35 Clearly, there exists a need for polynucleotides and polypeptides, such as the MurC embodiments of the invention, 

that have a present benefit of, among other things, being useful to screen compounds for antimicrobial activity. Such 
factors are also useful to determine their role in pathogenesis of infection, dysfunction and disease. There is also a 
need for identification and characterization of such factors and their antagonists and agonists to find ways to prevent, 
ameliorate or correct such infection, dysfunction and disease. 

40 The enzyme UDP-N-acetylmuramate:L-alanine ligase, encoded by the gene MurC catalyses the addition of the 

first amino acid (L-alanine) of the peptide moiety in peptidoglycan biosynthesis. L-alanine is added to UDP-N-acetyl 
muramate with the concomittant hydrolysis of ATP to yield UDP-N-acetylmuramyl-L-alanine, ADP and phosphate. The 
gene has been cloned and sequenced from Escherichia coli and the corresponding protein has been over-expressed, 
purified and kinetically characterised (Liger, D., Masson, A., Blanot, D., van Heijenoort, J. & Parquet, C, Eur. J. Bio- 

45 chem. 230, 80-87). The kinetic mechanism of this enzyme has been investigated. (Falk, P.J., Ervin, K.M.,Volk, K.S. & 
Ho, H.T. (1996) Biochemistry, 35, 1417-1422). The gene sequences of MurC from Bacillus subtilisand Haemophilus 
influenzae are also known. 

The discovery of a MurC homologue in the human pathogen Staphylococcus aureus will allow us to produce UDP- 
N-acetyl muramate: L-alanine ligase enzyme which can then be used to screen for novel antibiotics. Inhibitors of this 
50 protein have utility in anti-bacterial therapy as they will prevent the construction of the bacterial cell wall. 

Certain of the polypeptides of the invention possess significant amino acid sequence homology to a known MurC 
protein. 

SUMMARY OF THE INVENTION 

55 

The present invention relates to MurC, in particular MurC polypeptides and MurC polynucleotides, recombinant 
materials and methods for their production. In another aspect, the invention relates to methods for using such polypep- 
tides and polynucleotides, including treatment of microbial diseases, amongst others. In a further aspect, the invention 
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relates to methods for identifying agonists and antagonists using the materials provided by the invention, and for treating 
microbial infections and conditions associated with such infections with the identified agonist or antagonist compounds. 
In a still further aspect, the invention relates to diagnostic assays for detecting diseases associated with microbial 
infections and conditions associated with such infections, such as assays for detecting MurC expression or activity. 

Various changes and modifications within the spirit and scope of the disclosed invention will become readily ap- 
parent to those skilled in the art from reading the following descriptions and from reading the other parts of the present 
disclosure. 

DESCRIPTION OF THE INVENTION 

The invention relates to MurC polypeptides and polynucleotides as described in greater detail below. In particular, 
the invention relates to polypeptides and polynucleotides of a MurC of Staphylococcus aureus, which is related by 
amino acid sequence homology to MurC polypeptide. The invention relates especially to MurC having the nucleotide 
and amino acid sequences set out in Table 1 as SEQ ID NO: 1 or 3 and SEQ ID NO: 2 or 4 respectively. 



TABLE 1 

MurC Polynucleotide and Polypeptide Sequences 

(A) Staphylococcus aureus MurC polynucleotide sequence [SEQ ID NO: 1 ]. 

5 ' -ATGAGTAAGGAGTTTTATATAATGACACACTATCATTTTGTCGGAATTAAAGGTTCTGGC 

ATGAGTTCATTAGCACAAATCATGCATGATTTAGGACATGAAGTTCAAGGATCGGATATT 

GAGAACTACGTATTTACAGAAGTTGCTCTTAGAAATAAGGGGATAAAAATATTACCATTT 

GGTGCTAATAACATAAAAGAAGATATGGTAGTTATACAAGGTAATGCATTCGCGAGTAGC 

CATGAAGAAATAGTACGTGCACATCAATTGAAATTAGATGTTGTAAGTTATAATGATTTT 

TTAGGACAGATTATTGATCAATATACTTCAGTAGCTGTAACTGGTGCACATGGTAAAACT 
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TCTACAACAGGTTTATTATCACATGTTATGAATGGTGATAAAAAGACTTCATTTTTAATT 
GGTGATGGCACAGGTATGGGATTGCCTGAAAGTGATTATTTCGCTTTTGAGGCATGTGAA 
TATAGACGTCACTTTTTAAGTTATAAACCTGATTACGCAATTATGACAAATATTGATTTC 
GATCATCCTGATTATTTCAAAGATATTAATGATGTTTTTGATGCATTCCAAGAAATGGCA 
CATAATGTTAAAAAAGGTATTATTGCTTGGGGTGATGATGAACATCTACGTAAAATTGAA 
GCAGATGTTCCAATTTATTACTATGGATTTAAAGATTCGGATGACATTTATGCTCAAAAT 
ATTCAAATTACGGATAAAGGTACTGCTTTTGATGTGTATGTGGATGGTGAGTTTTATGAT 
CACTTCCTGTCTCCACAATATGGTGACCATACAGTTTTAAATGCATTAGCTGTAATTGCG 
ATT AGT T ATT TAGAGAAGCT AGATGTTACAAATATTAAAGAAGCATTAGAAACGTTTGGT 
GGTGTTAAACGTCGTTTCAATGAAACTACAATTGCAAATCAAGTTATTGTAGATGATTAT 
GCACACCATCCAAGAGAAATTAGTGCTACAATTGACACAGCACGAAAGAAATATCCACAT 
AAAGAAGTTGTTGCAGTATTTCAACCACACACTTTCTCTAGAACACAAGCATTTTTAAAT 
GAATTTGCAGAAAGTTTATGTAAAGCAGATCGTGTATTCTTATGTGAAATTTTTGGCTCA 
ATTAGAGAAAATTCTGGCGCATTAACGATACAAGATTTAATTGATAAAATTGGAGGTGCA 
TCGTTCATTAATGAAGATCTTATTAATGTATTAGAACAATTTGATAATGCTGTTGTTTTA 
TTTATGGGTGCAGGTGATATTCAAAAATTACAAAATGCATATTTAGATAAATTAGGCATG 
AAAAATGCGTTTTAATATGTTTATAATAGAG-3 1 



(B) Staphylococcus aureus MurC polypeptide sequence deduced from a polynucleotide 
sequence in this table [SEQ ID NO:2]. 

NH 2 -MTHYHFVGIKGSGMSSLAQir4HDLGHEVQGSDIENYVFTEVALRNKGIKILPFGANNIKE 

dmvviqgnafassheei vrahqlkldvvsyndflgqi i dqytsvavtgahgktsttglls 
h\^gdkktsfligdgtgmglpesdyfafeaceyrrhflsykpdyaimtniWdh?dyfk 
dindvfdafqemahnvkkgiiawgddehlrkieadvpiyyygfkdsddiyaqniqitdkg 
tafdvyvdgefydhflspqygdhtvlnalaviaisylekldvtnikealetfggvkrrfn 

ETTIANQVIVDDYAHHPREISATIDTARKKYPHKEWAVFQPHTFSRTQAFLNEFAESLC 
KADRVFLCEIFGSIRENSGALTIQDLIDKIGGASFINEDLINVLEQFDNAWLFMGAGDI 
QKLQNAYLDKLGMKNAF-COOH 

(C) Staphylococcus aureus MurC ORF sequence [SEQ ID NO:3], 
5'- 

ATTTAAAGATTCGGATGACATTTATGCTCAAATATTTCAAATTACGGATAAAGGTACTGCTGTTGATGTGTA 
TGTGGATGGTGAGTTTTATGATCACTTCCTGTCTCCACAATATGGTGACCATACAGTTTTAAATGCATTAGC 
TGTAATTGCGATTAGTTATTTAGAGAAGCTAGATGTTACAAATATTAAAGAAGCATTAGAAACGTTTGGTGG 
TGTTAAACGTCGTTTCAATGAAACTACAATTGCAAATCAAGTTATTGTAGATGATTATGCACACCATCCAAG 
AGAAATTAGTGC 

TACAATTGACACAGCACGAAAGAAATATCCACATAAAGAAGTTGTTGCAGTATTTCAACCACACACTTTCTC 
TAGAACACAAGCATTTTTAAATGAATTTGCAGAAAGTTTAAGTAAAGCAGATCGTGTATTCTTATGTGAAAT 
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TTTTGGATCAATTAGAGAAAATACTGGCGCATTAACGATACAAGATTTAATTGATAAAATTGAAGGTGCATC 

GTTAATTAATGAAGATTCTATTAATGTATTAGAACAATTTGATAATGCTGTTGTTTTATTTATGGGTGCAGG 
TGATAT TCAAAA 

ATTACAAAATGCATATTTAGATAAATTAGGCATGAAAAATGCGTTTTAATATGTTTATAA- 3 1 

(D) Staphylococcia aureus MurC polypeptide sequence deduced from a polynucleotide ORF 
sequence in this table [SEQ ID NO:4]. 

NH 2 - 

FKDSDDIYAQIFQITDKGTAVDVYVDGEFYDHFLSPQYGDHTVLNALAVIAISYLEKLDVTNIKEALETrGG 
VKRRFNETTIANQVIVDDYAHHPREISATIDTARKKYPHKEWAVFQPHTFSRTQAFLNEFAESLSKADRVF 
LCEIFGSIRENTGALTIQDLIDKIEGASLINEDSINVLEQFDNAWLFMGAGDIQKLQNAYLDKLGMKNAF- 
COOH 



Deposited materials 

A deposit containing a Staphylococcus aureus WCUH 29 strain has been deposited with the National Collections 
of Industrial and Marine Bacteria Ltd. (herein "NCIMB"), 23 St. Machar Drive, Aberdeen AB2 1RY, Scotland on 11 
September 1995 and assigned NCIMB Deposit No. 40771, and referred to as Staphylococcus aureus WCUH29 on 
deposit. . The Staphylococcus aureus strain deposit is referred to herein as "the deposited strain" or as "the DNA of 
the deposited strain." 

The deposited strain contains the full length MurC gene. The sequence of the polynucleotides contained in the 
deposited strain, as well as the amino acid sequence of any polypeptide encoded thereby, are controlling in the event 
of any conflict with any description of sequences herein. 

The deposit of the deposited strain has been made under the terms of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for Purposes of Patent Procedure. The strain will be irrevocably and 
without restriction or condition released to the public upon the issuance of a patent. The deposited strain is provided 
merely as convenience to those of skill in the art and is not an admission that a deposit is required for enablement, 
such as that required under 35 U.S.C. §112. 

A license may be required to make, use or sell the deposited strain, and compounds derived therefrom, and no 
such license is hereby granted. 

In one aspect of the invention there is provided an isolated nucleic acid molecule encoding a mature polypeptide 
expressible by the Staphylococcus aureus WCUH 29 strain, which polypeptide is contained in the deposited strain. 
Further provided by the invention are MurC polynucleotide sequences in the deposited strain, such as DNA and RNA, 
and amino acid sequences encoded thereby. Also provided by the invention are MurC polypeptide and polynucleotide 
sequences isolated from the deposited strain. 

Polypeptides 

MurC polypeptide of the invention is substantially phylogenetically related to other proteins of the MurC family. 

In one aspect of the invention there are provided polypeptides of Staphylococcus aureus referred to herein as 
"MurC" and "MurC polypeptides" as well as biologically, diagnostically, prophylactically, clinically or therapeutically 
useful variants thereof, and compositions comprising the same. 

Among the particularly preferred embodiments of the invention are variants of MurC polypeptide encoded by nat- 
urally occurring alleles of the MurC gene. 

The present invention further provides for an isolated polypeptide which: 

(a) comprises or consists of an amino acid sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, yet more preferably at least 95% identity, most preferably at least 
97, 98, 99 or 99.5% or exact identity, to that of SEQ ID NO:2 over the entire length of SEQ ID NO:2; 
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(b) a polypeptide encoded by an isolated polynucleotide comprising or consisting of a polynucleotide sequence 
which has at least 70% identity, preferably at least 80% identity, more preferably at least 90% identity, yet more 
preferably at least 95% identity, even more preferably at least 97, 98, 99 or 99.5% or exact identity to SEQ ID NO: 
1 over the entire length of SEQ ID NO:1 , or the entire length of SEQ ID NO:1 encoding SEQ ID NO:2; 
s (c) a polypeptide encoded by an isolated polynucleotide comprising or consisting of a polynucleotide sequence 

encoding a polypeptide which has at least 70% identity, preferably at least 80% identity, more preferably at least 
90% identity, yet more preferably at least 95% identity, even more preferably at least 97, 98, 99 or 99.5% or exact 
identity, to the amino acid sequence of SEQ ID NO:2, over the entire length of SEQ ID NO:2; or 

(d) a polypeptide encoded by an isolated polynucleotide comprising or consisting of a polynucleotide sequence 
10 which has at least 70% identity, preferably at least 80% identity, more preferably at least 90% identity, yet more 

preferably at least 95% identity, even more preferably at least 97, 98, 99 or 99.5% or exact identity, to SEQ ID NO: 
1 over the entire length of SEQ ID NO:3; 

(e) a polypeptide encoded by an isolated polynucleotide comprising or consisting of a polynucleotide sequence 
which has at least 70% identity, preferably at least 80% identity, more preferably at least 90% identity, yet more 

15 preferably at least 95% identity, even more preferably at least 97, 98, 99 or 99.5% or exact identity to SEQ ID NO: 

3 over the entire length of SEQ ID NO:3; or 

(f) a polypeptide encoded by an isolated polynucleotide comprising or consisting of a polynucleotide sequence 
encoding a polypeptide which has at least 70% identity, preferably at least 80% identity, more preferably at least 
90% identity, yet more preferably at least 95% identity, even more preferably at least 97, 98, 99 or 99.5% or exact 

20 identity, to the amino acid sequence of SEQ ID NO:4, over the entire length of SEQ ID NO:4; 

(g) comprises or consists of an amino acid sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, yet more preferably at least 95% identity, most preferably at least 
97, 98, 99 or 99.5% or exact identity, to the amino acid sequence of SEQ ID NO:2 over the entire length of SEQ 
ID NO:4. 

25 

The polypeptides of the invention include a polypeptide of Table 1 [SEQ ID NO:2 or 4] (in particular the mature 
polypeptide) as well as polypeptides and fragments, particularly those which have the biological activity of MurC, and 
also those which have at least 70% identity to a polypeptide of Table 1 [SEQ ID NO:1 or 3]or the relevant portion, 
preferably at least 80% identity to a polypeptide of Table 1 [SEQ ID NO:2 or 4and more preferably at least 90% identity 
30 to a polypeptide of Table 1 [SEQ ID NO:2 or 4] and still more preferably at least 95% identity to a polypeptide of Table 
1 [SEQ ID NO:2 or 4] and also include portions of such polypeptides with such portion of the polypeptide generally 
containing at least 30 amino acids and more preferably at least 50 amino acids. 

The invention also includes a polypeptide consisting of or comprising a polypeptide of the formula: 

x-(R,) m -(R 2 )-(R 3 )n- Y 



wherein, at the amino terminus, X is hydrogen, a metal or any other moiety described herein for modified polypeptides, 
and at the carboxyl terminus, Y is hydrogen, a metal or any other moiety described herein for modified polypeptides, 

40 R 1 and .R 3 are any. amino acid residue or modified amino acid residue, m is an integer between 1 and 1000 or zero, n 
is an integer between 1 and 1000 or zero, and R 2 is an amino acid sequence of the invention, particularly an amino 
acid sequence selected from Table 1 or modified forms thereof. In the formula above, R2 is oriented so that its amino 
terminal amino acid residue is at the left, covalently bound to R., and its carboxy terminal amino acid residue is at the 
right, covalently bound to R 3 . Any stretch of amino acid residues denoted by either R 1 or R 3 , where m and/or n is 

45 greater than 1 , may be either a heteropolymer or a homopolymer, preferably a heteropolymer. Other preferred embod- 
iments of the invention are provided where m is an integer between 1 and 50, 100 or 500, and n is an integer between 
1 and 50, 100, or 500. 

it is most preferred that a polypeptide of the invention is derived from Staphylococcus aureus, however, it may 
preferably be obtained from other organisms of the same taxonomic genus. A polypeptide of the invention may also 

50 be obtained, for example, from organisms of the same taxonomic family or order. 

A fragment is a variant polypeptide having an amino acid sequence that is entirely the same as part but not all of 
any amino acid sequence of any polypeptide of the invention. As with MurC polypeptides, fragments may be "free- 
standing," or comprised within a larger polypeptide of which they form a part or region, most preferably as a single 
continuous region in a single larger polypeptide. 

55 Preferred fragments include, for example, truncation polypeptides having a portion of an amino acid sequence of 

Table 1 [SEQ ID NO:2 or 4], or of variants thereof, such as a continuous series of residues that includes an amino- 
and/or carboxyl-terminal amino acid sequence. Degradation forms of the polypeptides of the invention produced by or 
in a host cell, particularly a Staphylococcus aureus, are also preferred. Further preferred are fragments characterized 
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by structural or functional attributes such as fragments that comprise alpha-helix and alpha-helix forming regions, beta- 
sheet and beta-sheet-forming regions, turn and turn-forming regions, coil and coil-forming regions, hydrophilic regions, 
hydrophobic regions, alpha amphipathic regions, beta amphipathic regions, flexible regions, surface-forming regions, 
substrate binding region, and high antigenic index regions. 
5 Further preferred fragments include an isolated polypeptide comprising an amino acid sequence having at least 

15, 20, 30, 40, 50 or 100 contiguous amino acids from the amino acid sequence of SEQ ID NO: 2, or an isolated 
polypeptide comprising an amino acid sequence having at least 15, 20, 30, 40, 50 or 100 contiguous amino acids 
truncated or deleted from the amino acid sequence of SEQ ID NO: 2. 

Also preferred are biologically active fragments which are those fragments that mediate activities of MurC, including 
io those with a similar activity or an improved activity, or with a decreased undesirable activity. Also included are those 
fragments that are antigenic or immunogenic in an animal, especially in a human. Particularly preferred are fragments 
comprising receptors or domains of enzymes that confer a function essential for viability of Staphylococcus aureus or 
the ability to initiate, or maintain cause Disease in an individual, particularly a human. 

Fragments of the polypeptides of the invention may be employed for producing the corresponding full-length 
is polypeptide by peptide synthesis; therefore, these variants may be employed as intermediates for producing the full- 
length polypeptides of the invention. 

In addition to the standard single and triple letter representations for amino acids, the term "X" or B Xaa B may also 
be used in describing certain polypeptides of the invention. "X" and "Xaa" mean that any of the twenty naturally occurring 
amino acids may appear at such a designated position in the polypeptide sequence. 

20 

Polynucleotides 

It is an object of the invention to provide polynucleotides that encode MurC polypeptides, particularly polynucle- 
otides that encode the polypeptide herein designated MurC. 

In a particularly preferred embodiment of the invention the polynucleotide comprises a region encoding MurC 
polypeptides comprising a sequence set out in Table 1 [SEQ ID NO:1 or 3] which includes a full length gene, or a 
variant thereof. The Applicants believe that this full length gene is essential to the growth and/or survival of an organism 
which possesses it, such as Staphylococcus aureus. 

As a further aspect of the invention there are provided isolated nucleic acid molecules encoding and/or expressing 
MurC polypeptides and polynucleotides, particularly Staphylococcus aureus MurC polypeptides and polynucleotides, 
including, for example, unprocessed RNAs, ribozyme RNAs, mRNAs, cDNAs, genomic DNAs, B-andZ-DNAs. Further 
embodiments of the invention include biologically, diagnostically, prophylactically, clinically or therapeutically useful 
polynucleotides and polypeptides, and variants thereof, and compositions comprising the same. 

Another aspect of the invention relates to isolated polynucleotides, including at least one full length gene, that 
encodes a MurC polypeptide having a deduced amino acid sequence of Table 1 [SEQ ID NO:2 or 4] and polynucleotides 
closely related thereto and variants thereof. 

In another particularly preferred embodiment of the invention there is a MurC polypeptide from Staphylococcus 
aureus comprising or consisting of an amino acid sequence of Table 1 [SEQ ID NO:2 or 4], or a variant thereof. 

Using the information provided herein, such as a polynucleotide sequence set out in Table 1 [SEQ ID NO:1 or 3], 
a polynucleotide of the invention encoding MurC polypeptide may be obtained using standard cloning and screening 
methods, such as those for cloning and sequencing chromosomal DNA fragments from bacteria using Staphylococcus 
aureus WCUH 29 cells as starting material, followed by obtaining a full length clone. For example, to obtain a polynu- 
cleotide sequence of the invention, such as a polynucleotide sequence given in Table 1 [SEQ ID NO:1 or 3], typically 
a library of clones of chromosomal DNA of Staphylococcus aureus WCUH 29 in E.colior some other suitable host is 
probed with a radiolabeled oligonucleotide, preferably a 17-mer or longer, derived from a partial sequence. Clones 
carrying DNA identical to that of the probe can then be distinguished using stringent hybridization conditions. By se- 
quencing the individual clones thus identified by hybridization with sequencing primers designed from the original 
polypeptide or polynucleotide sequence it is then possible to extend the polynucleotide sequence in both directions to 
determine a full length gene sequence. Conveniently, such sequencing is performed, for example, using denatured 
double stranded DNA prepared from a plasmid clone. Suitable techniques are described by Maniatis, T, Fritsch, E.F. 
and Sambrook et al. a MOLECULAR CLONING, A LABORATORY MANUAL, 2nd Ed.; Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, New York (1989). (see in particular Screening By Hybridization 1 .90 and Sequencing De- 
natured Double-Stranded DNA Templates 13.70). Direct genomic DNA sequencing may also be performed to obtain 
a full length gene sequence. Illustrative of the invention, each polynucleotide set out in Table 1 [SEQ ID NO:1 or 3] 
was discovered in a DNA library derived from Staphylococcus aureus WCUH 29. 

Moreover, each DNA sequence set out in Table 1 [SEQ ID NO:1 or 3] contains an open reading frame encoding 
a protein having about the number of amino acid residues set forth in Table 1 [SEQ ID NO:2 or 4] with a deduced 
molecular weight that can be calculated using amino acid residue molecular weight values well known to those skilled 
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in the art. The polynucleotide of SEQ ID NO: 1, between nucleotide number 22 and the stop codon which begins at 
nucleotide number 1333 of SEQ ID NO: 1, encodes the polypeptide ot SEQ ID NO:2. 

In a further aspect, the present invention provides for an isolated polynucleotide comprising or consisting of: 

5 (a) a polynucleotide sequence which has at least 70% identity, preferably at least 80% identity, more preferably at 

least 90% identity, yet more preferably at least 95% identity, even more preferably at least 97, 98, 99 or 99.5% or 
exact identity to SEQ ID NO: 1 over the entire length of SEQ ID NO: 1, or the entire length of SEQ ID NO:1 encoding 
SEQ ID NO:2; 

(b) a polynucleotide sequence encoding a polypeptide which has at least 70% identity, preferably at least 80% 
10 identity, more preferably at least 90% identity, yet more preferably at least 95% identity, even more preferably at 

least 97, 98, 99 or 99.5% or 100% exact, to the amino acid sequence of SEQ ID NO:2, over the entire length of 
SEQ ID NO:2; or 

(c) a nucleotide sequence which has at least 70% identity, preferably at least 80% identity, more preferably at least 
90% identity, yet more preferably at least 95% identity, even more preferably at least 97, 98, 99 or 99.5% or 100% 

is identity, to SEQ ID NO:1 over the entire length of SEQ ID NO:3; 

(d) a nucleotide sequence which has at least 70% identity, preferably at least 80% identity, more preferably at least 
90% identity, yet more preferably at least 95% identity, even more preferably at least 97, 98, 99 or 99.5% or exact 
identity to SEQ ID NO:3 over the entire length of SEQ ID NO:3; or 

(e) a polynucleotide sequence encoding a polypeptide which has at least 70% identity, preferably at least 80% 
20 identity, more preferably at least 90% identity, yet more preferably at least 95% identity, even more preferably at 

least 97, 98, 99 or 99.5% or exact identity, to the amino acid sequence of SEQ ID NO:4, over the entire length of 
SEQlDNO:4. 

A polynucleotide encoding a polypeptide of the present invention, including homologs and orthologs from species 
25 other than Staphylococcus aureus, may be obtained by a process which comprises the steps of screening an appro- 
priate library under stringent hybridization conditions with a labeled or detectable probe consisting of or comprising the 
sequence of SEQ I D NO: 1 or 3 or a fragment thereof; and isolating a full-length gene and/or genomic clones containing 
said polynucleotide sequence. 

The invention provides a polynucleotide sequence identical over its entire length to a coding sequence (open 
| 30 reading frame) in Table 1 [SEQ ID NO:1 or 3]. Also provided by the invention is a coding sequence for a mature 

' polypeptide or a fragment thereof, by itself as well as a coding sequence for a mature polypeptide or a fragment in 

' reading frame with another coding sequence, such as a sequence encoding a leader or secretory sequence, a pre-, 

I or pro- or preproprotein sequence. The polynucleotide of the invention may also contain at least one non-coding se- 

quence, including for example, but not limited to at least one noncoding 5' and 3 1 sequence, such as the transcribed 
35 but non-translated sequences, termination signals (such as rho-dependent and rhoindependent termination signals), 
ribosome binding sites, Kozak sequences, sequences that stabilize mRNA, introns, and polyadenylation signals. The 
polynucleotide sequence may also comprise additional coding sequence encoding additional amino acids. For exam- 
I pie, a marker sequence that facilitates purification of the fused polypeptide can be encoded. In certain embodiments 

of the invention, the marker sequence is a hexa-histidine peptide, as provided in the pQE vector (Qiagen, Inc.) and 
40 described in Gentz era/., Proc. Natl. Acad ScL, USA 86; 821-824.(1989), or an HA peptide tag (Wilson ef a/., Cell37: 
767 (1984), both of which may be useful in purifying polypeptide sequence fused to them. Polynucleotides of the 
invention also include, but are not limited to, polynucleotides comprising a structural gene and its naturally associated 
sequences that control gene expression. 

A preferred embodiment of the invention is a polynucleotide of consisting of or comprising nucleotide 22 to the 
45 nucleotide immediately upstream of or including nucleotide 1333 set forth in SEQ ID NO:1 of Table 1, both of which 
encode the MurC polypeptide. 

The invention also includes a polynucleotide consisting of or comprising a polynucleotide of the formula: 



50 



X -( R 1>m-( R 2 M R 3)n- Y 



wherein, at the 5* end of the molecule, X is hydrogen, a metal or a modified nucleotide residue, or together with Y 
defines a covalent bond, and at the 3' end of the molecule, Y is hydrogen, a metal, or a modified nucleotide residue, 
or together with X defines the covalent bond, each occurrence of and R 3 is independently any nucleic acid residue 
55 or modified nucleic acid residue, m is an integer between 1 and 3000 or zero, n is an integer between 1 and 3000 or 
zero, and R 2 is a nucleic acid sequence or modified nucleic acid sequence of the invention, particularly a nucleic acid 
sequence selected from Table 1 or a modified nucleic acid sequence thereof. In the polynucleotide formula above, 
is oriented so that its 5' end nucleic acid residue is at the left, bound to R, , and its 3' end nucleic acid residue is at the 
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right, bound to R 3 . Any stretch of nucleic acid residues denoted by either R, and/or R 2 , where m and/or n is greater 
than 1 , may be either a heteropolymer or a homopolymer, preferably a heteropolymer. Where, in a preferred embod- 
iment, X and Y together define a covalent bond, the polynucleotide of the above formula is a closed, circular polynu- 
cleotide, which can be a double-stranded polynucleotide wherein the formula shows a first strand to which the second 
5 strand is complementary. In another preferred embodiment m and/or n is an integer between 1 and 1000. Other pre- 
ferred embodiments of the invention are provided where m is an integer between 1 and 50, 100 or 500, and n is an 
integer between 1 and 50, 100, or 500. 

It is most preferred that a polynucleotide of the invention is derived from Staphylococcus aureus, however, it may 
preferably be obtained from other organisms of the same taxonomic genus. A polynucleotide of the invention may also 
w be obtained, for example, from organisms of the same taxonomic family or order. 

The term "polynucleotide encoding a polypeptide' as used herein encompasses polynucleotides that include a 
sequence encoding a polypeptide of the invention, particularly a bacterial polypeptide and more particularly a polypep- 
tide of the Staphylococcus aureus MurC having an amino acid sequence set out in Table 1 [SEQ ID NO:2 or 4]. The 
term also encompasses polynucleotides that include a single continuous region or discontinuous regions encoding the 
*5 polypeptide (for example, polynucleotides interrupted by integrated phage, an integrated insertion sequence, an inte- 
grated vector sequence, an integrated transposon sequence, or due to RNA editing or genomic DNA reorganization) 
together with additional regions, that also may contain coding and/or non-coding sequences. 

The invention further relates to variants of the polynucleotides described herein that encode variants of a polypep- 
tide having a deduced amino acid sequence of Table 1 [SEQ ID NO:2 or 4]. Fragments of a polynucleotides of the 
20 invention may be used, for example, to synthesize full-length polynucleotides of the invention. 

Further particularly preferred embodiments are polynucleotides encoding MurC variants, that have the amino acid 
sequence of MurC polypeptide of Table 1 [SEQ ID NO: 2 or 4] in which several, a few, 5 to 10, 1 to 5, 1 to 3, 2, 1 or no 
amino acid residues are substituted, modified, deleted and/or added, in any combination. Especially preferred among 
these are silent substitutions, additions and deletions, that do not alter the properties and activities of MurC polypeptide. 
25 Further preferred embodiments of the invention are polynucleotides that are at least 70% identical over their entire 

length to a polynucleotide encoding MurC polypeptide having an amino acid sequence set out in Table 1 [SEQ ID NO: 
2 or 4], and polynucleotides that are complementary to such polynucleotides. Alternatively most highly preferred are 
polynucleotides that comprise a region that is at least 80% identical over its entire length to a polynucleotide encoding 
MurC polypeptide and polynucleotides complementary thereto. In this regard, polynucleotides at least 90% identical 
30 over their entire length to the same are particularly preferred, and among these particularly preferred polynucleotides, 
those with at least 95% are especially preferred. Furthermore, those with at least 97% are highly preferred among 
those with at least 95%, and among these those with at least 98% and at least 99% are particularly highly preferred, 
with at least 99% being the more preferred. 

Preferred embodiments are polynucleotides encoding polypeptides that retain substantially the same biological 
35 function or activity as the mature polypeptide encoded by a DNA of Table 1 [SEQ ID NO:1 or 3]. 

In accordance with certain preferred embodiments of this invention there are provided polynucleotides that hybrid- 
ize, particularly under stringent conditions, to MurC polynucleotide sequences, such as those polynucleotides in Table 1 . 

The invention further relates to polynucleotides that hybridize to the polynucleotide sequences provided herein. 
In this regard, the invention especially relates to polynucleotides that hybridize under stringent conditions to the poly- 
40 nucleotides described herein. .As herein used, the terms "stringent conditions" and "stringent hybridization conditions" 
mean hybridization occurring only if there is at least 95% and preferably at least 97% identity between the sequences. 
A specific example of stringent hybridization conditions is overnight incubation at 42°C in a solution comprising: 50% 
formamide, 5x SSC (150mM NaCI, 15mMtrisodium citrate), 50 mM sodium phosphate (pH7.6), 5x Denhardt's solution, 
10% dextran sulfate, and 20 micrograms/ml of denatured, sheared salmon sperm DNA, followed by washing the hy- 
45 bridization support in 0.1 x SSC at about 65°C. Hybridization and wash conditions are well known and exemplified in 
Sambrook, etai, Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor, N.Y., (1989), partic- 
ularly Chapter 11 therein. Solution hybridization may also be used with the polynucleotide sequences provided by the 
invention. 

The invention also provides a polynucleotide consisting of or comprising a polynucleotide sequence obtained by 
50 screening an appropriate library containing the complete gene for a polynucleotide sequence set forth in SEQ ID NO: 
1 or 3 under stringent hybridization conditions with a probe having the sequence of said polynucleotide sequence set 
forth in SEQ ID NO:1 or 3 or a fragment thereof; and isolating said polynucleotide sequence. Fragments useful for 
obtaining such a polynucleotide include, for example, probes and primers fully described elsewhere herein. 

As discussed elsewhere herein regarding polynucleotide assays of the invention, for instance, the polynucleotides 
55 of the invention, may be used as a hybridization probe for RNA, cDNA and genomic DNA to isolate full-length cDNAs 
and genomic clones encoding MurC and to isolate cDNA and genomic clones of other genes that have a high identity, 
particularly high sequence identity, to the MurC gene. Such probes generally will comprise at least 15 nucleotide res- 
idues or base pairs. Preferably, such probes will have at least 30 nucleotide residues or base pairs and may have at 
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least 50 nucleotide residues or base pairs. Particularly preferred probes will have at least 20 nucleotide residues or 
base pairs and will have lee than 30 nucleotide residues or base pairs. 

A coding region of a MurC gene may be isolated by screening using a DNA sequence provided in Table 1 [SEQ 
ID NO: 1 or 3] to synthesize an oligonucleotide probe. A labeled oligonucleotide having a sequence complementary 
to that of a gene of the invention is then used to screen a library of cDNA, genomic DNA or mRNA to determine which 
members of the library the probe hybridizes to. 

There are several methods available and well known to those skilled in the art to obtain full-length DNAs, or extend 
short DNAs, for example those based on the method of Rapid Amplification of cDNA ends (RACE) (see, for example, 
Frohman, et ai, PNAS USA 85: 8998-9002, 1988). Recent modifications of the technique, exemplified by the Mara- 
thon™ technology (Clontech Laboratories Inc.) for example, have significantly simplified the search for longer cDNAs. 
In the Marathon™ technology, cDNAs have been prepared from mRNA extracted from a chosen tissue and an 'adaptor' 
sequence ligated onto each end. Nucleic acid amplification (PCR) is then carried out to amplify the "missing" 5' end of 
the DNA using a combination of gene specific and adaptor specific oligonucleotide primers. The PCR reaction is then 
repeated using "nested" primers, that is, primers designed to anneal within the amplified product (typically an adaptor 
specific primer that anneals further 3' in the adaptor sequence and a gene specific primer that anneals further 5' in the 
selected gene sequence). The products of this reaction can then be analyzed by DNA sequencing and a full-length 
DNA constructed either by joining the product directly to the existing DNA to give a complete sequence, or carrying 
out a separate full-length PCR using the new sequence information for the design of the 5' primer. 

The polynucleotides and polypeptides of the invention may be employed, for example, as research reagents and 
materials for discovery of treatments of and diagnostics for diseases, particularly human diseases, as further discussed 
herein relating to polynucleotide assays. 

The polynucleotides of the invention that are oligonucleotides derived from a sequence of Table 1 [SEQ ID NOS: 
1 or 2 or 3 or 4] may be used in the processes herein as described, but preferably for PCR, to determine whether or 
not the polynucleotides identified herein in whole or in part are transcribed in bacteria in infected tissue. It is recognized 
that such sequences will also have utility in diagnosis of the stage of infection and type of infection the pathogen has 
attained. 

The invention also provides polynucleotides that encode a polypeptide that is the mature protein plus additional 
amino or carboxy I -terminal amino acids, or amino acids interior to the mature polypeptide (when the mature form has 
more than one polypeptide chain, for instance). Such sequences may play a role in processing of a protein from pre- 
cursor to a mature form, may allow protein transport, may lengthen or shorten protein half -life or may facilitate manip- 
ulation of a protein for assay or production, among other things. As generally is the case in vivo, the additional amino 
acids may be processed away from the mature protein by cellular enzymes. 

For each and every polynucleotide of the invention there is provided a polynucleotide complementary to it. It is 
preferred that these complementary polynucleotides are fully complementary to each polynucleotide with which they 
are complementary. 

A precursor protein, having a mature form of the polypeptide fused to one or more prosequences may be an inactive 
form of the polypeptide. When prosequences are removed such inactive precursors generally are activated. Some or 
all of the prosequences may be removed before activation. Generally, such precursors are called proproteins. 

In addition to the standard A, G, C, T/U representations for nucleotides, the term "N" may also be used in describing 
certain polynucleotides of the invention. "N". means that any. of -the four UNA or RN A nucleotides may appear at such 
a designated position in the DNA or RNA sequence, except it is preferred that N is not a nucleic acid that when taken 
in combination with adjacent nucleotide positions, when read in the correct reading frame, would have the effect of 
generating a premature termination codon in such reading frame. 

In sum, a polynucleotide of the invention may encode a mature protein, a mature protein plus a leader sequence 
(which may be referred to as a preprotein), a precursor of a mature protein having one or more prosequences that are 
not the leader sequences of a preprotein, or a preproprotein, which is a precursor to a proprotein, having a leader 
sequence and one or more prosequences, which generally are removed during processing steps that produce active 
and mature forms of the polypeptide. 

Vectors, Host Cells, Expression Systems 



S The invention also relates to vectors that comprise a polynucleotide or polynucleotides of the invention, host cells 
that are genetically engineered with vectors of the invention and the production of polypeptides of the invention by 
recombinant techniques. Cell-free translation systems can also be employed to produce such proteins using RNAs 
derived from the DNA constructs of the invention. 

Recombinant polypeptides of the present invention may be prepared by processes well known in those skilled in 
the art from genetically engineered host cells comprising expression systems. Accordingly, in a further aspect, the 
present invention relates to expression systems which comprise a polynucleotide or polynucleotides of the present 
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invention, to host cells which are genetically engineered with such expression systems, and to the production of 
polypeptides of the invention by recombinant techniques. 

For recombinant production of the polypeptides of the invention, host cells can be genetically engineered to incor- 
porate expression systems or portions thereof or polynucleotides of the invention. Introduction of a polynucleotide into 
the host cell can be effected by methods described in many standard laboratory manuals, such as Davis, etal, BASIC 
METHODS IN MOLECULAR BIOLOGY, (1986) and Sambrook, et al, MOLECULAR CLONING: A LABORATORY 
MANUAL, 2nd Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1 989), such as, calcium phosphate 
transfection, DEAE-dextran mediated transfection, transvection, microinjection, cationic lipid-mediated transfection, 
electroporation, transduction, scrape loading, ballistic introduction and infection. 

Representative examples of appropriate hosts include bacterial cells, such as cells of streptococci, staphylococci, 
enterococci E. colt, streptomyces, cyanobacteria, Bacillus subtilis, and Staphylococcus aureus; fungal cells, such as 
cells of a yeast, Kluveromyces, Saccharomyces, a basidiomycete, Candida albicans and Aspergillus; insect cells such 
as cells of Drosophila S2 and Spodoptera Sf9; animal cells such as CHO, COS, HeLa, C127, 3T3, BHK, 293, CV-1 
and Bowes melanoma cells; and plant cells, such as cells of a gymnosperm or angiosperm. 

A great variety of expression systems can be used to produce the polypeptides of the invention. Such vectors 
include, among others, chromosomal-, episomal- and virus-derived vectors, for example, vectors derived from bacterial 
plasmids, from bacteriophage, from transposons, from yeast episomes, from insertion elements, from yeast chromo- 
somal elements, from viruses such as baculoviruses, papova viruses, such as SV40, vaccinia viruses, adenoviruses, 
fowl pox viruses, pseudorabies viruses, picornavi ruses and retroviruses, and vectors derived from combinations there- 
to of, such as those derived from plasmid and bacteriophage genetic elements, such as cosmids and phagemids. The 
expression system constructs may contain control regions that regulate as well as engender expression. Generally, 
any system or vector suitable to maintain, propagate or express polynucleotides and/or to express a polypeptide in a 
host may be used for expression in this regard. The appropriate DNA sequence may be inserted into the expression 
system by any of a variety of well-known and routine techniques, such as, for example, those set forth in Sambrook 
25 et al, MOLECULAR CLONING, A LABORATORY MANUAL, (supra). 

— In recombinant expression systems in eukaryotes, for secretion of a translated protein into the lumen of the en- 
doplasmic reticulum, into the periplasmic space or into the extracellular environment, appropriate secretion signals 
may be incorporated into the expressed polypeptide. These signals may be endogenous to the polypeptide or they 
may be heterologous signals. 

30 Polypeptides of the invention can be recovered and purified from recombinant cell cultures by well-known methods 

including ammonium sulfate or ethanol precipitation, acid extraction, anion or cation exchange chromatography, phos- 
phocellulose chromatography, hydrophobic interaction chromatography, affinity chromatography, hydroxylapatite chro- 
matography, and lectin chromatography. Most preferably, high performance liquid chromatography is employed for 
purification. Well known techniques for refolding protein may be employed to regenerate active conformation when the 

35 polypeptide is denatured during isolation and or purification. 

Diagnostic, Prognostic, Serotyping and Mutation Assays 

This invention is also related to the use of MurC polynucleotides and polypeptides of the invention for use as 

40 diagnostic reagents. Detection of MurC polynucleotides and/or polypeptides in aeukaryote, particularly a mammal," 
- and especially a human, will provide a diagnostic method for diagnosis of disease, staging of disease or response of 
an infectious organism to drugs. Eukaryotes, particularly mammals, and especially humans, particularly those infected 
or suspected to be infected with an organism comprising the MurC gene or protein, may be detected at the nucleic 
acid or amino acid level by a variety of well known techniques as well as by methods provided herein. 

45 Polypeptides and polynucleotides for prognosis, diagnosis or other analysis may be obtained from a putatively 

infected and/or infected individual's bodily materials. Polynucleotides from any of these sources, particularly DNA or 
RNA, may be used directly for detection or may be amplified enzymatically by using PCR or any other amplification 
technique prior to analysis. RNA, particularly mRNA, cDNA and genomic DNA may also be used in the same ways. 
Using amplification, characterization of the species and strain of infectious or resident organism present in an individual, 

so may be made by an analysis of the genotype of a selected polynucleotide of the organism. Deletions and insertions 
can be detected by a change in size of the amplified product in comparison to a genotype of a reference sequence 
selected from a related organism, preferably a different species of the same genus or a different strain of the same 
species. Point mutations can be identified by hybridizing amplified DNA to labeled MurC polynucleotide sequences. 
Perfectly or significantly matched sequences can be distinguished from imperfectly or more significantly mismatched 

55 duplexes by DNase or RNase digestion, for DNA or RNA respectively, or by detecting differences in melting temper- 
atures or renaturation kinetics. Polynucleotide sequence differences may also be detected by alterations in the elec- 
trophoretic mobility of polynucleotide fragments in gels as compared to a reference sequence. This may be carried out 
with or without denaturing agents. Polynucleotide differences may also be detected by direct DNA or RNA sequencing. 
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See, for example, Myers etal., Science, 230: 7242(1985). Sequence changes at specific locations also may be revealed 
by nuclease protection assays, such as RNase, V1 and S1 protection assay or a chemical cleavage method. See, for 
example, Cotton etal, Proc. Natl. Acad. Sci, USA, 55:4397-4401(1985). 

In another embodiment, an array of oligonucleotides probes comprising MurC nucleotide sequence or fragments 
5 thereof can be constructed to conduct efficient screening of, for example, genetic mutations, serotype, taxonomic 
classification or identification. Array technology methods are well known and have general applicability and can be 
used to address a variety of questions in molecular genetics including gene expression, genetic linkage, and genetic 
variability (see, for example, Chee et al, Science, 274: 570(1996)). 

Thus in another aspect, the present invention relates to a diagnostic kit which comprises: 

10 

(a) a polynucleotide of the present invention, preferably the nucleotide sequence of SEQ ID NO: 1 or 3, or a 
fragment thereof; 

(b) a nucleotide sequence complementary to that of (a); 

(c) a polypeptide of the present invention, preferably the polypeptide of SEQ ID NO:2 or 4 or a fragment thereof; or 
15 (d) an antibody to a polypeptide of the present invention, preferably to the polypeptide of SEQ ID NO:2 or 4. 

It will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a substantial component. Such a kit will 
be of use in diagnosing a disease or susceptibility to a Disease, among others. 

This invention also relates to the use of polynucleotides of the present invention as diagnostic reagents. Detection 

20 of a mutated form of a polynucleotide of the invention, preferable, SEQ I D NO:1 or 3, which is associated with a disease 
or pathogenicity will provide a diagnostic tool that can add to, or define, a diagnosis of a disease, a prognosis of a 
course of disease, a determination of a stage of disease, or a susceptibility to a disease, which results from under- 
expression, over-expression or altered expression of the polynucleotide. Organisms, particularly infectious organisms, 
carrying mutations in such polynucleotide may be detected at the polynucleotide level by a variety of techniques, such 

25 as those described elsewhere herein. 

The nucleotide sequences of the present invention are also valuable for organism chromosome identification. The 
sequence is specifically targeted to, and can hybridize with, a particular location on an organism's chromosome, par- 
ticularly to a Staphylococcus aureus chromosome. The mapping of relevant sequences to chromosomes according to 
the present invention may be an important step in correlating those sequences with pathogenic potential and/or an 

so ecological niche of an organism and/or drug resistance of an organism, as well as the essentiality of the gene to the 
organism. Once a sequence has been mapped to a precise chromosomal location, the physical position of the sequence 
on the chromosome can be correlated with genetic map data. Such data may be found on-line in a sequence database. 
The relationship between genes and diseases that have been mapped to the same chromosomal region are then 
identified through known genetic methods, for example, through linkage analysis (coinheritance of physically adjacent 

35 genes) or mating studies, such as by conjugation. 

The differences in a polynucleotide and/or polypeptide sequence between organisms possessing a first phenotype 
and organisms possessing a different, second different phenotype can also be determined. If a mutation is observed 
in some or all organisms possessing the first phenotype but not in any organisms possessing the second phenotype, 
then the mutation is likely to be the causative agent of the first phenotype. 

40 Cells from an organism carrying mutations or polymorphisms (allelic variations) in a polynucleotide and/or polypep- 

tide of the invention may also be detected at the polynucleotide or polypeptide level by a variety of techniques, to allow 
for serotyping, for example. For example, RT-PCR can be used to detect mutations in the RNA. It is particularly preferred 
to use RT-PCR in conjunction with automated detection systems, such as, for example, GeneScan. RNA, cDNA or 
genomic DNA may also be used for the same purpose, PCR. As an example, PCR primers complementary to a poly- 

45 nucleotide encoding MurC polypeptide can be used to identify and analyze mutations. Examples of representative 
primers are shown below in Table 2. 



so 
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Table 2 

Primers for amplification of MurC polynucleotides 

SEP ID NO PRIMER SEQUENCE 



5 5 1 -CTTCATTAATGAACGATGC- 3 1 

10 

6 5 ' - GT T ACAAAT AT TAAAGAAG - 3 ' 



15 The invention also includes primers of the formula: 

X-(R 1 ) m -(R 2 )-(R 3 )„-Y 

20 wherein, at the 5' end of the molecule, X is hydrogen, a metal or a modified nucleotide residue, and at the 3' end of 
the molecule, Y is hydrogen, a metal or a modified nucleotide residue, R n and R 3 are any nucleic acid residue or 
modified nucleotide residue, m is an integer between 1 and 20 or zero, n is an integer between 1 and 20 or zero, and 
R 2 is a primer sequence of the invention, particularly a primer sequence selected from Table 2. In the polynucleotide 
formula above R 2 is oriented so that its 5* end nucleotide residue is at the left, bound to R A , and its 3' end nucleotide 

25 residue is at the right, bound to R 3 . Any stretch of nucleic acid residues denoted by either R group, where m and/or n 
is greater than 1 , may be either a heteropolymer or a homopolymer, preferably a heteropolymer being complementary 
to a region of a polynucleotide of Table 1 . In a preferred embodiment m and/or n is an integer between 1 and 10. 

The invention further provides these primers with 1,2, 3 or 4 nucleotides removed from the 5' and/or the 3' end. 
These primers may be used for, among other things, amplifying MurC DNA and/or RNA isolated from a sample derived 

30 from an individual, such as a bodily material. The primers may be used to amplify a polynucleotide isolated from an 
infected individual, such that the polynucleotide may then be subject to various techniques for elucidation of the poly- 
nucleotide sequence. In this way, mutations in the polynucleotide sequence may be detected and used to diagnose 
and/or prognose the infection or its stage or course, or to serotype and/or classify the infectious agent. 

The invention further provides a process for diagnosing, disease, preferably bacterial infections, more preferably 

35 infections caused by Staphylococcus aureus, comprising determining from a sample derived from an individual, such 
as a bodily material, an increased level of expression of polynucleotide having a sequence of Table 1 [SEQ ID NO: 1 
or 3]. Increased or decreased expression of a MurC polynucleotide can be measured using any on of the methods well 
known in the art for the quantitation of polynucleotides, such as, for example, amplification, PCR, RT-PCR, RNase 
protection, Northern blotting, spectrometry and other hybridization methods. 

40 in addition, a diagnostic assay in accordance with the invention for detecting over-expression of MurC polypeptide 

- compared to normal control tissue samples may be used to detect the presence of an infection, for example. Assay 
techniques that can be used to determine levels of a MurC polypeptide, in a sample derived from a host, such as a 
bodily material, are well-known to those of skill in the art. Such assay methods include radioimmunoassays, competitive- 
binding assays, Western Blot analysis, antibody sandwich assays, antibody detection and ELISA assays. 

45 

Differential Expression 

The polynucleotides and polynucleotides of the invention may be used as reagents for differential screening meth- 
ods. There are many differential screening and differential display methods known in the art in which the polynucleotides 
50 and polypeptides of the invention may be used. For example, the differential display technique is described by Chuang 
et al, J. Bacteriol. 775:2026-2036 (1993). This method identifies those genes which are expressed in an organism by 
identifying mRNA present using randomly-primed RT-PCR. By comparing pre-infection and post infection profiles, 
genes up and down regulated during infection can be identified and the RT-PCR product sequenced and matched to 
ORF "unknowns." 

55 in Vivo Expression Technology (I VET) is described by Camilli et al., Proc. Natl Acad. Sci. USA. 91:2634-2638 

(1994). I VET identifies genes up-regulated during infection when compared to laboratory cultivation, implying an im- 
portant role in infection. ORFs identified by this technique are implied to have a significant role in infection establishment 
and/or maintenance. In this technique random chromosomal fragments of target organism are cloned upstream of a 
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promoter-less recombinase gene in a plasmid vector. This construct is introduced into the target organism which carries 
an antibiotic resistance gene flanked by resolvase sites. Growth in the presence of the antibiotic removes from the 
population those fragments cloned into the plasmid vector capable of supporting transcription of the recombinase gene 
and therefore have caused loss of antibiotic resistance. The resistant pool is introduced into a host and at various times 

s after infection bacteria may be recovered and assessed for the presence of antibiotic resistance. The chromosomal 
fragment carried by each antibiotic sensitive bacterium should carry a promoter or portion of a gene normally upreg- 
ulated during infection. Sequencing upstream of the recombinase gene allows identification of the up regulated gene. 

RT-PCR may also be used to analyze gene expression patterns. For RT PCR using the polynucleotides of the 
invention, messenger RNA is isolated from bacterial infected tissue, e.g., 48 hour murine lung infections, and the 

io amount of each mRNA species assessed by reverse transcription of the RNA sample primed with random hexanucle- 
otides followed by PCR with gene specific primer pairs. The determination of the presence and amount of a particular 
mRNA species by quantification of the resultant PCR product provides information on the bacterial genes which are 
transcribed in the infected tissue. Analysis of gene transcription can be carried out at different times of infection to gain 
a detailed knowledge of gene regulation in bacterial pathogenesis allowing for a clearer understanding of which gene 

15 products represent targets for screens for antibacterials. Because of the gene specific nature of the PCR primers 
employed it should be understood that the bacterial mRNA preparation need not be free of mammalian RNA. This 
allows the investigator to carry out a simple and quick RNA preparation from infected tissue to obtain bacterial mRNA 
species which are very short lived in the bacterium (in the order of 2 minute halflives). Optimally the bacterial mRNA 
is prepared from infected murine lung tissue by mechanical disruption in the presence of TRIzole (GIBCO-8RL) for 

20 very short periods of time, subsequent processing according to the manufacturers of TRIzole reagent and DNAase 
treatment to remove contaminating DNA. Preferably the process is optimized by fmding those conditions which give 
a maximum amount of Staphylococcus aureus 16S ribosomal RNA as detected by probing Northerns with a suitably 
labeled sequence specific oligonucleotide probe. Typically a 5' dye labeled primer is used in each PCR primer pair in 
a PCR reaction which is terminated optimally between 8 and 25 cycles. The PCR products are separated on 6% 

25 polyacrylamide gels with detection and quantification using GeneScanner (manufactured by ABI). 

Gridding and Polynucleotide Subtraction 

Methods have been described for obtaining information about gene expression and identity using so called "high 
30 density DNA arrays" or grids. See, e.g., M. Chee etal., Science, 274:61 0-61 4 (1996) and other references cited therein. 
Such gridding assays have been employed to identify certain novel gene sequences, referred to as Expressed Se- 
quence Tags (EST) (Adams et a., Science, 252A 651 -1656 (1 991 )). A variety of techniques have also been described 
for identifying particular gene sequences on the basis of their gene products. For example, see International Patent 
Application No. WO91/07087, published May 30, 1991. In addition, methods have been described for the amplification 
35 of desired sequences. For example, see International Patent Application No. W091/17271, published November 14, 
1991. 

The polynucleotides of the invention may be used as components of polynucleotide arrays, preferably high density 
arrays or grids. These high density arrays are particularly useful for diagnostic and prognostic purposes. For example, 
a set of spots each comprising a different gene, and further comprising a polynucleotide or polynucleotides of the 

40 invention, may be used for probing, such as using hybridization or nucleic acid amplification, usinga probes obtained 
or derived from a bodily sample, to determine the presence of a particular polynucleotide sequence or related sequence 
in an individual. Such a presence may indicate the presence of a pathogen, particularly Staphylococcus aureus, and 
may be useful in diagnosing and/or prognosing disease or a course of disease. A grid comprising a number of variants 
of the polynucleotide sequence of SEQ ID NO: 1 or 3 are preferred. Also preferred is a comprising a number of variants 

45 of a polynucleotide sequence encoding the polypeptide sequence of SEQ ID NO:2 or 4. 

Antibodies 

The polypeptides and polynucleotides of the invention or variants thereof, or cells expressing the same can be 
50 used as immunogens to produce antibodies immunospecific for such polypeptides or polynucleotides respectively. 

In certain preferred embodiments of the invention there are provided antibodies against MurC polypeptides or 
polynucleotides. 

Antibodies generated against the polypeptides or polynucleotides of the invention can be obtained by administering 
the polypeptides and/or polynucleotides of the invention, or epitope-bearing fragments of either or both, analogues of 
55 either or both, or cells expressing either or both, to an animal, preferably a nonhuman, using routine protocols. For 
preparation of monoclonal antibodies, any technique known in the art that provides antibodies produced by continuous 
cell line cultures can be used. Examples include various techniques, such as those in Kohler, G. and Milstein, C, 
Nature 256: 495497 (1 975); Kozbor et al, Immunology Today 4: 72 (1 983); Cole et a/., pg. 77-96 in MONOCLONAL 



14 



WEST 



EP 0 889 123 A2 



ANTIBODIES AND CANCER THERAPY, Alan R. Liss, Inc. (1985). 

Techniques for the production of single chain antibodies (U.S. Patent No. 4,946,778) can be adapted to produce 
single chain antibodies to polypeptides or polynucleotides of this invention. Also, transgenic mice, or other organisms 
such as other mammals, may be used to express humanized antibodies immunospectfic to the polypeptides or poly- 
nucleotides of the invention. 

Alternatively, phage display technology may be utilized to select antibody genes with binding activities towards a 
polypeptide of the invention either from repertoires of PCR amplified v-genes of lymphocytes from humans screened 
for possessing anti-MurC or from naive libraries (McCafferty, etal, (1990), Nature 348, 552-554; Marks, etal., (1992) 
Biotechnology 10, 779-783). The affinity of these antibodies can also be improved by, for example, chain shuffling 
(Clackson et at., (1 991 ) Nature 352: 628). 

The above -described antibodies may be employed to isolate or to identify clones expressing the polypeptides or 
polynucleotides of the invention to purify the polypeptides or polynucleotides by, for example, affinity chromatography. 

Thus, among others, antibodies against MurC-polypeptide or MurC-poly nucleotide may be employed to treat in- 
fections, particularly bacterial infections. 

Polypeptide variants include antigenically, epitopically or immunologically equivalent variants form a particular 
aspect of this invention. 

A polypeptide or polynucleotide of the invention, such as an antigenically or immunologically equivalent derivative 
or a fusion protein of the polypeptide is used as an antigen to immunize a mouse or other animal such as a rat or 
chicken. The fusion protein may provide stability to the polypeptide. The antigen may be associated, for example by 
conjugation, with an immunogenic carrier protein for example bovine serum albumin, keyhole limpet haemocyanin or 
tetanus toxoid. Alternatively, a multiple antigenic polypeptide comprising multiple copies of the polypeptide, or an an- 
tigenically or immunologically equivalent polypeptide thereof may be sufficiently antigenic to improve immunogenicity 
so as to obviate the use of a carrier. 

Preferably, the antibody or variant thereof is modified to make it less immunogenic in the individual. For example, 
if the individual is human the antibody may most preferably be "humanized," where the complimentarity determining 
region or regions of the hybridoma-de rived antibody has been transplanted into a human monoclonal antibody, for 
example as described in Jones et al. (1 986), Nature 321 , 522-525 or Tempest et al, (1991 ) Biotechnology 9, 266-273. 

In accordance with an aspect of the invention, there is provided the use of a polynucleotide of the invention for 
therapeutic or prophylactic purposes, in particular genetic immunization. Among the particularly preferred embodiments 
of the invention are naturally occurring allelic variants of MurC polynucleotides and polypeptides encoded thereby. 

The use of a polynucleotide of the invention in genetic immunization will preferably employ a suitable delivery 
method such as direct injection of plasmid DNA into muscles (Wolff et al, Hum Mol Genet (1992) 1:363, Manthorpe 
et al., Hum. Gene Ther. (1 983) 4: 41 9), delivery of DNA complexed with specific protein carriers (Wu etal., J Biol Chem. 
(1989) 264: 16985), coprecipitation of DNA with calcium phosphate (Benvenisty & Reshef, PNAS USA, (1986) 83: 
9551), encapsulation of DNA in various forms of liposomes (Kaneda etal, Science (1989) 243: 375), particle bom- 
bardment (Tang etal, Nature (1992) 356:152, Eisenbraun etal, DNA Cell Biol (1993) 12: 791) and in vivo infection 
using cloned retroviral vectors (Seeger etal, PNAS USA (1984) 81: 5849). 

Antagonists and Agonists - Assays and Molecules 

^/ Polypeptides and polynucleotides of the invention may also be used to assess the binding of small molecule sub- 
strates and ligands in, for example, cells, cell-free preparations, chemical libraries, and natural product mixtures. These 
substrates and ligands may be natural substrates and ligands or may be structural or functional mimetics. See, e.g., 
Coligan et al, Current Protocols in Immunology 1(2): Chapter 5 (1 991 ). 

Polypeptides and polynucleotides of the present invention are responsible for many biological functions, including 
many disease states, in particular the Diseases hereinbefore mentioned. It is therefore desirable to devise screening 
methods to identify compounds which stimulate or which inhibit the function of the polypeptide or polynucleotide. Ac- 
cordingly, in a further aspect, the present invention provides for a method of screening compounds to identify those 
which stimulate or which inhibit the function of a polypeptide or polynucleotide of the invention, as well as related 
polypeptides and polynucleotides. In general, agonists or antagonists may be employed for therapeutic and prophy- 
lactic purposes for such Diseases as hereinbefore mentioned. Compounds may be identified from a variety of sources, 
for example, cells, cell-free preparations, chemical libraries, and natural product mixtures. Such agonists, antagonists 
or inhibitors so-identified may be natural or modified substrates, ligands, receptors, enzymes, etc., as the case may 
be, of MurC polypeptides and polynucleotides; or may be structural or functional mimetics thereof (see Coligan et al, 
Current Protocols in Immunology 1 (2):Chapter 5 (1 991 )). 

The screening methods may simply measure the binding of a candidate compound to the polypeptide or polynu- 
cleotide, or to cells or membranes bearing the polypeptide or polynucleotide, or a fusion protein of the polypeptide by 
means of a label directly or indirectly associated with the candidate compound. Alternatively, the screening method 
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may involve competition with a labeled competitor Further, these screening methods may test whether the candidate 
compound results in a signal generated by activation or inhibition ot the polypeptide or polynucleotide, using detection 
/systems appropriate to th e cells c omprising the pol ypeptide^o r polynucleotide. Inhibitors of activation are generally 
/ assayed in the presence of a known agonist and the effect on activation by the agonist by the presence of the candidate 
N compound is observed. Constitutively active polypeptide and/or constitutive ly expressed polypeptides and polynucle- 
otides may be employed in screening methods for inverse agonists or i nhibit ors, in the absence of an agonist or inhibitor, 
by testing whether the candidate compound resultsTn nihibTlion of activation of the polypeptide or polynucleotide, as 
the case may be. Further, the screening methods may simply comprise the steps of mixing a candidate compound with 
a solution containing a polypeptide or polynucleotide of the present invention, to form a mixture, measuring MurC ^ 
polypeptide and/or polyn uc leotide ac tivity in the mixture, and comparing the MurC polypeptide and/or polynucleotide 
activity of the mixture to a/jtanda 7 ra\ Yusion protein s, such as those made from Fc portion and MurC polypeptide, as 
hereinbefore described, can also oe used for high -throughput screening assays to identify antagonists of the polypep- )( 
tide of the present invention, as well as of phylogenetically and and/or functionally related polypeptides (see D. Bennett 
etaL, J Mol Recognition, 8:52-58 (1995); and K. Johanson etal., J Biol Chem, 270(1 6): 9459-9471 (1995)). 

The polynucleotides, polypeptides and antibodies that bind to and/or interact with a polypeptide of the present 
invention may also be used to configure screening methods for detecting the effect of added compounds on the pro- 
duction of mRNA and/or polypeptide in cells. For example, an ELISA assay may be constructed for measuring secreted 
or cell associated levels of polypeptide using monoclonal and polyclonal antibodies by standard methods known in the 
art. This can be used to discover agents which may inhibit or enhance the production of polypeptide (also called an- 
tagonist or agonist, respectively) from suitably manipulated cells or tissues. 

The invention also provides a method of screening compounds to identify those which enhance (agonist) or block 
(antagonist) the action of MurC polypeptides or polynucleotides, particularly those compounds that are bacteristatic 
and/or bactericidal. The method of screening may involve high-throughput techniques. For example, to screen for 
agonists or antagonists, a synthetic reaction mix, a cellular compartment, such as a membrane, cell envelope or cell 
wall, or a preparation of any thereof, comprising MurC polypeptide and a labeled substrate or ligand of such polypeptide 
is incubated in the absence or the presence of a candidate molecule that may be a MurC agonist or antagonist. The 
ability of the candidate molecule to agonize or antagonize the MurC polypeptide is reflected in decreased binding of 
the labeled ligand or decreased production of product from such substrate. Molecules that bind gratuitously. without 
inducing the effects of MurC polypeptide are most likely to be good antagonists. Molecules that bind well and, as the 
^ase may be, increase the rate of product production from substrate, increase signal transduction, or increase chemical 
crTannel activity are agonists. Detection of therateorjeyel of, as the case may be, production of product from substrate, 
signal transduction, or chemical channel activity may be enhanced by using a reporter system. Reporter systems that 
may be useful in this regard include but are not limited to colorimetric, labeled substrate converted into product, a 
reporter gene that is responsive to changes in MurC polynucleotide or polypeptide activity, and binding assays known 
in the art. 

^Polypeptides of the invention may be used to identify membrane bound or soluble receptors, if any, for such polypeptide, 
through standard receptor binding techniques known in the art. These techniques include, but are not limited to, ligand 
binding and crosslinking assays in which the polypeptide is labeled with a radioactive isotope (for instance, 125 l), chem- 
ically modified (for instance, biotinylated), or fused to a peptide sequence suitable for detection or purification, and 
incubated with a source of the putative receptor (e.g., cells, cell membranes, cell supernatants, tissue extracts, bodily 
materials). Other methods include biophysical techniques such as surface plasmon resonance and spectroscopy. 
These screening methods may also be used to identify agonists and antagonists of the polypeptide which compete 
with the binding of the polypeptide to its receptor(s), if any. Standard methods for conducting such assays are well 
understood in the art. 

The fluorescence polarization value for a fluorescently-tagged molecule depends on the rotational correlation time 
or tumbling rate. Protein complexes, such as formed by MurC polypeptide associating with another MurC polypeptide 
or other polypeptide, labeled to comprise a fluorescently-labeled molecule will have higher polarization values than a 
fluorescently labeled monomeric protein. It is preferred that this method be used to characterize small molecules that 
disrupt polypeptide complexes. 

Fluorescence energy transfer may also be used characterize small molecules that interfere with the formation of 
MurC polypeptide dimers, trimers, tetramers or higher order structures, or structures formed by MurC polypeptide 
bound to another polypeptide. MurC polypeptide can be labeled with both a donor and acceptor fluorophore. Upon 
mixing of the two labeled species and excitation of the donor fluorophore, fluorescence energy transfer can be detected 
by observing fluorescence of the acceptor. Compounds that block dimerization will inhibit fluorescence energy transfer. 

Surface plasmon resonance can be used to monitor the effect of small molecules on MurC polypeptide self^asso- 
ciation as well as an association of MurC polypeptide and another polypeptide or small molecule. MurC polypeptide 
can be coupled to a sensor chip at low site density such that covalently bound molecules will be monomeric. Solution 
protein can then passed over the MurC polypeptide coated surface and specific binding can be detected in real-time 
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by monitoring the change in resonance angle caused by a change in local refractive index. This technique can be used 
to characterize the effect of small molecules on kinetic rates and equilibrium binding constants for MurC polypeptide 
self-association as well as an association of MurC polypeptide and another polypeptide or small molecule. — 
A scintillation proximity assay may be used to characterize the interaction between an association of MurC polypep- 
5 tide with another MurC polypeptide or a different polypeptide . MurC polypeptide can be coupled to a scintillation-filled 
bead. Addition of radio-labeled MurC polypeptide results in binding where the radioactive source molecule is in close 
proximity to the scintillation fluid. Thus, signal is emitted upon MurC polypeptide binding and compounds that prevent 
MurC polypeptide self -association or an association of MurC polypeptide and another polypeptide or small molecule 
will diminish signal. 

10 ICS biosensors have been described by AMBRI (Australian Membrane Biotechnology Research Institute). They 

couple the self-association of macromolecules to the closing of gramacidin-facilitated ion channels in suspended mem- 
brane bilayers and hence to a measurable change in the admittance (similar to impedence) of the biosensor. This 
approach is linear over six decades of admittance change and is ideally suited for large scale, high through-put screen- 
ing of small molecule combinatorial libraries. 
y/% In other embodiments of the invention there are provided methods for identifying compounds which bind to or 

otherwise interact with and inhibit or activate an activity or expression of a polypeptide and/or polynucleotide of the 
invention comprising: contacting a polypeptide and/or polynucleotide of the invention with a compound to be screened 
under conditions to permit binding to or other interaction between the compound and the polypeptide and/or polynu- 
cleotide to assess the binding to or other interaction with the compound, such binding or interaction preferably being 
associated with a second component capable of providing a detectable signal in response to the binding or interaction 
of the polypeptide and/or polynucleotide with the compound; and determining whether the compound binds to or oth- 
erwise interacts with and activates or inhibits an activity or expression of the polypeptide and/or polynucleotide by 
/ detecting the presence or absence of a signal generated from the binding or interaction of the compound with the 
( polypeptide and/or polynucleotide. 

25 Another example of an assay for MurC agonists is a competitive assay that combines MurC and a potential agonist 

with MurC-binding molecules, recombinant MurC binding molecules, natural substrates or ligands, or substrate or 
ligand mimetics, under appropriate conditions for a competitive inhibition assay. MurC can be labeled, such as by 
radioactivity or a colorimetric compound, such that the number of MurC molecules bound to a binding molecule or 
converted to product can be determined accurately to assess the effectiveness of the potential antagonist. 
30 Potential antagonists include, among others, small organic molecules, peptides, polypeptides and antibodies that 

bind to a polynucleotide and/or polypeptide of the invention and thereby inhibit or extinguish its activity or expression. 
Potential antagonists also may be small organic molecules, a peptide, a polypeptide such as a closely related protein 
or antibody that binds the same sites on a binding molecule, such as a binding molecule, without inducing MurC- 
induced activities, thereby preventing the action or expression of MurC polypeptides and/or polynucleotides by exclud- 
es ing MurC polypeptides and/or polynucleotides from binding. 

" Potential antagonists include a small molecule that binds to and occupies the binding site of the polypeptide thereby 
preventing binding to cellular binding molecules, such that normal biological activity is prevented. Examples of small 
molecules include but are not limited to small organic molecules, peptides or peptide-like molecules. Other potential 
antagonists include antisense molecules (see Okano, J. Neurochem. 56:560 (1991); OLIGODEOXY NUCLEOTIDES 
40 AS ANTISENSE INHIBITORS OF GENE EXPRESSION CRC Press, Boca Raton, FL (1 988), for a description of these 
- ■ molecules). Preferred potential antagonists include compounds related to and variants of MurC. 

Other examples of potential polypeptide antagonists include antibodies or, in some cases, oligonucleotides or proteins 
which are closely related to the ligands, substrates, receptors, enzymes, etc., as the case may be, of the polypeptide, 
e.g., a fragment of the ligands, substrates, receptors, enzymes, etc.; or small molecules which bind to the polypeptide 
45 of the present invention but do not elicit a response, so that the activity of the polypeptide is prevented. 

Certain of the polypeptides of the invention are biomimetics, functional mimetics of the natural MurC polypeptide. 
These functional mimetics may be used for, among other things, antagonizing the activity of MurC polypeptide or as 
a antigen or immunogen in a manner described elsewhere herein. Functional mimetics of the polypeptides of the 
invention include but are not limited to truncated polypeptides. For example, preferred functional mimetics include, a 
50 polypeptide comprising the polypeptide sequence set forth in SEQ ID NO:2 lacking 20, 30, 40, 50, 60, 70 or 80 amino- 
or carboxy-terminal amino acid residues, including fusion proteins comprising one or more of these truncated sequenc- 
es. Polynucleotides encoding each of these functional mimetics may be used as expression cassettes to express each 
mimetic polypeptide. It is preferred that these cassettes comprise 5' and 3' restriction sites to allow for a convenient 
means to ligate the cassettes together when desired. It is further preferred that these cassettes comprise gene ex- 
55 pression signals known in the art or described elsewhere herein. 

Thus, in another aspect, the present invention relates to a screening kit for identifying agonists, antagonists, lig- 
ands, receptors, substrates, enzymes, etc. for a polypeptide and/or polynucleotide of the present invention; or com- 
pounds which decrease or enhance the production of such polypeptides and/or polynucleotides, which comprises: 
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(a) a polypeptide and/or a polynucleotide ot the present invention; 

(b) a recombinant cell expressing a polypeptide and/or polynucleotide of the present invention; 

(c) a cell membrane expressing a polypeptide and/or polynucleotide ot the present invention; or 

(d) antibody to a polypeptide and/or polynucleotide of the present invention; 

5 

which polypeptide is preferably that of SEQ ID NO:2, and which polynucleotide is preferably that of SEQ ID NO: 1. 

It will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a substantial component. 

It will be readily appreciated by the skilled artisan that a polypeptide and/or polynucleotide of the present invention 
may also be used in a method for the structure-based design of an agonist, antagonist or inhibitor of the polypeptide 
10 and/or polynucleotide, by: 

(a) determining in the first instance the three-dimensional structure of the polypeptide and/or polynucleotide, or 
complexes thereof; 

(b) deducing the three-dimensional structure for the likely reactive site(s), binding site(s) or motif (s) of an agonist, 
15 antagonist or inhibitor; 

(c) synthesizing candidate compounds that are predicted to bind to or react with the deduced binding site(s), 
reactive site(s), and/or motif(s); and 

(d) testing whether the candidate compounds are indeed agonists, antagonists or inhibitors. It will be further ap- 
preciated that this will normally be an iterative process, and this iterative process may be performed using auto- 

20 mated and computer-controlled steps. 

In a further aspect, the present invention provides methods of treating abnormal conditions such as, for instance, 
a Disease, related to either an excess of, an under-expression of, an elevated activity of, or a decreased activity of 
MurC polypeptide and/or polynucleotide. 

25 if the expression and/or activity of the polypeptide and/or polynucleotide is in excess, several approaches are 

available. One approach comprises administering to an individual in need thereof an inhibitor compound (antagonist) 
as herein described, optionally in combination with a pharmaceutical^ acceptable carrier, in an amount effective to 
inhibit the function and/or expression of the polypeptide and/or polynucleotide, such as, for example, by blocking the 
binding of ligands, substrates, receptors, enzymes, etc., or by inhibiting a second signal, and thereby alleviating the 

30 abnormal condition. In another approach, soluble forms of the polypeptides still capable of binding the ligand, substrate, 
enzymes, receptors, etc. in competition with endogenous polypeptide and/or polynucleotide may be administered. 
Typical examples of such competitors include fragments of the MurC polypeptide and/or polypeptide. 

In a further aspect, the present invention relates to genetically engineered soluble fusion proteins comprising a 
polypeptide of the present invention, or a fragment thereof, and various portions of the constant regions of heavy or 

35 light chains of immunoglobulins of various subclasses (IgG, IgM, IgA, IgE). Preferred as an immunoglobulin is the 
constant part of the heavy chain of human IgG, particularly lgG1, where fusion takes place at the hinge region. In a 
particular embodiment, the Fc part can be removed simply by incorporation of a cleavage sequence which can be 
cleaved with blood clotting factor Xa. Furthermore, this invention relates to processes for the preparation of these 
fusion proteins by genetic engineering, and to the use thereof for drug screening, diagnosis and therapy. A further 

40 aspect of the invention also relates to polynucleotides encoding such fusion proteins. Examples of fusion protein tech- 
nology can be found in International Patent Application Nos. W094/29458 and W094/22914. 

In still another approach, expression of the gene encoding endogenous MurC polypeptide can be inhibited using 
expression blocking techniques. This blocking may be targeted against any step in gene expression, but is preferably 
targeted against transcription and/or translation. An examples of a known technique of this sort involve the use of 

45 antisense sequences, either internally generated or separately administered (see, for example, O'Connor, J Neurochem 
(1991) 56:560 in Oligodeoxynucleotides as Antisense Inhibitors of Gene Expression, CRC Press, Boca Raton, FL 
(1988)). Alternatively, oligonucleotides which form triple helices with the gene can be supplied (see, for example, Lee 
et ai, Nucleic Acids Res (1 979) 6:3073; Cooney et ai, Science (1 988)241 :456; Dervan et ai, Science (1 991 ) 251 : 
1360). These oligomers can be administered perse or the relevant oligomers can be expressed in vivo. 

50 Each of the polynucleotide sequences provided herein may be used in the discovery and development of antibac- 

terial compounds. The encoded protein, upon expression, can be used as a target for the screening of antibacterial 
drugs. Additionally, the polynucleotide sequences encoding the amino terminal regions of the encoded protein or Shine- 
Delgarno or other translation facilitating sequences of the respective mRNA can be used to construct antisense se- 
quences to control the expression of the coding sequence of interest. 

55 The invention also provides the use of the polypeptide, polynucleotide, agonist or antagonist of the invention to 

interfere with the initial physical interaction between a pathogen or pathogens and a eukaryotic, preferably mammalian, 
host responsible for sequelae of infection. In particular, the molecules of the invention may be used: in the prevention 
of adhesion of bacteria, in particular gram positive and/or gram negative bacteria, to eukaryotic, preferably mammalian, 
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extracellular matrix proteins on in-dwelling devices or to extracellular matrix proteins in wounds; to block bacterial 
adhesion between eukaryotic, preferably mammalian, extracellular matrix proteins and bacterial MurC proteins that 
mediate tissue damage and/or; to block the normal progression of pathogenesis in infections initiated other than by 
the implantation of in-dwelling devices or by other surgical techniques. 
s In accordance with yet another aspect of the invention, there are provided MurC agonists and antagonists, pref- 

erably bacteristatic or bactericidal agonists and antagonists. 

The antagonists and agonists of the invention may be employed, for instance, to prevent, inhibit and/or treat dis- 
eases. 

Helicobacter pylori (herein "H. pylori") bacteria infect the stomachs of over one-third of the world's population 
10 causing stomach cancer, ulcers, and gastritis (International Agency for Research on Cancer (1994) Schistosomes, 
Liver Flukes and Helicobacter Pylori (International Agency for Research on Cancer, Lyon, France, http://www.uicc.ch/ 
ecp/ecp2904.htm). Moreover, the International Agency for Research on Cancer recently recognized a cause-and-effect 
relationship between H. pylori and gastric adenocarcinoma, classifying the bacterium as a Group I (definite) carcinogen. 
Preferred antimicrobial compounds of the invention (agonists and antagonists of MurC polypeptides and/or polynucle- 
15 otides) found using screens provided by the invention, or known in the art, particularly narrow-spectrum antibiotics, 
should be useful in the treatment of H pylori infection. Such treatment should decrease the advent of H. pylori-induced 
cancers, such as gastrointestinal carcinoma. Such treatment should also prevent, inhibit and/or cure gastric ulcers and 
gastritis. 

20 Vaccines 

There are provided by the invention, products, compositions and methods for assessing MurC expression, treating 
disease, assaying genetic variation, and administering a MurC polypeptide and/or polynucleotide to an organism to 
raise an immunological response against a bacteria, especially a Staphylococcus aureus bacteria. 

25 Another aspect of the invention relates to a method for inducing an immunological response in an individual, par- 

ticularly a mammal which comprises inoculating the individual with MurC polynucleotide and/or polypeptide, or a frag- 
ment or variant thereof, adequate to produce antibody and/ or T cell immune response to protect said individual from 
infection, particularly bacterial infection and most particularly Staphylococcus aureus infection. Also provided are meth- 
ods whereby such immunological response slows bacterial replication. Yet another aspect of the invention relates to 

30 a method of inducing immunological response in an individual which comprises delivering to such individual a nucleic 
acid vector, sequence or ribozyme to direct expression of MurC polynucleotide and/or polypeptide, or a fragment or a 
variant thereof, for expressing MurC polynucleotide and/or polypeptide, or a fragment or a variant thereof in vivo in 
order to induce an immunological response, such as, to produce antibody and/ or T cell immune response, including, 
for example, cytokine-producing T cells or cytotoxic T cells, to protect said individual, preferably a human, from disease, 

35 whether that disease is already established within the individual or not. One example of administering the gene is by 
accelerating it into the desired cells as a coating on particles or otherwise. Such nucleic acid vector may comprise 
DNA, RNA, a ribozyme, a modified nucleic acid, a DNA/RN A hybrid, a DNA-protein complex or an RNA-p rote in complex 
A further aspect of the invention relates to an immunological composition that when introduced into an individual, 
preferably a human, capable of having induced within it an immunological response, induces an immunological re- 

40 sponse in such individual to a MurC polynucleotide and/or polypeptide encoded therefrom, wherein the composition 
comprises a recombinant MurC polynucleotide and/or polypeptide encoded therefrom and/or comprises DNA and/or 
RNA which encodes and expresses an antigen of said MurC polynucleotide, polypeptide encoded therefrom, or other 
polypeptide of the invention. The immunological response may be used therapeutically or prophylactically and may 
take the form of antibody immunity and/or cellular immunity, such as cellular immunity arising from CTL or CD4+ T cells. 

45 A MurC polypeptide or a fragment thereof may be fused with co-protein or chemical moiety which may or may not 

by itself produce antibodies, but which is capable of stabilizing the first protein and producing a fused or modified 
protein which will have antigenic and/or immunogenic properties, and preferably protective properties. Thus fused 
recombinant protein, preferably further comprises an antigenic co-protein, such as lipoprotein D from Hemophilus 
influenzae, Glutathione-S-transf erase (GST) or beta-galactosidase, or any other relatively large co-protein which sol- 

50 ubilizes the protein and facilitates production and purification thereof. Moreover, the co-protein may act as an adjuvant 
in the sense of providing a generalized stimulation of the immune system of the organism receiving the protein. The 
co-protein may be attached to either the amino- or carboxy-terminus of the first protein. 

Provided by this invention are compositions, particularly vaccine compositions, and methods comprising the 
polypeptides and/or polynucleotides of the invention and immunostimulatory DNA sequences, such as those described 

55 in Sato, Y. et al. Science 273: 352 (1 996). 

Also, provided by this invention are methods using the described polynucleotide or particular fragments thereof, 
which have been shown to encode non-variable regions of bacterial cell surface proteins, in polynucleotide constructs 
used in such genetic immunization experiments in animal models of infection with Staphylococcus aureus. Such ex- 
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periments will be particularly useful for identifying protein epitopes able to provoke a prophylactic or therapeutic immune 
response. It is believed that this approach will allow for the subsequent preparation of monoclonal antibodies of par- 
ticular value, derived from the requisite organ of the animal successfully resisting or clearing infection, for the devel- 
opment of prophylactic agents or therapeutic treatments of bacterial infection, particularly Staphylococcus aureus in- 
5 fection, in mammals, particularly humans. 

A polypeptide of the invention may be used as an antigen for vaccination of a host to produce specific antibodies 
which protect against invasion of bacteria, for example by blocking adherence of bacteria to damaged tissue. Examples 
of tissue damage include wounds in skin or connective tissue caused, for example, by mechanical, chemical, thermal 
or radiation damage or by implantation of indwelling devices, or wounds in the mucous membranes, such as the mouth, 
10 throat, mammary glands, urethra or vagina. 

The invention also includes a vaccine formulation which comprises an immunogenic recombinant polypeptide and/ 
or polynucleotide of the invention together with a suitable carrier, such as a pharmaceutical ly acceptable carrier. Since 
the polypeptides and polynucleotides may be broken down in the stomach, each is preferably administered parenteral^, 
including, for example, administration that is subcutaneous, intramuscular, intravenous, or intradermal. Formulations 
'5 suitable for parenteral administration include aqueous and non-aqueous sterile injection solutions which may contain 
antioxidants, buffers, bacteristatic compounds and solutes which render the formulation isotonic with the bodily fluid, 
preferably the blood, of the individual; and aqueous and non-aqueous sterile suspensions which may include suspend- 
ing agents or thickening agents. The formulations may be presented in unit-dose or multi-dose containers, for example, 
sealed ampoules and vials and may be stored in a freeze-dried condition requiring only the addition of the sterile liquid 
20 carrier immediately prior to use. The vaccine formulation may also include adjuvant systems for enhancing the immu- 
nogenicity of the formulation, such as oil-in water systems and other systems known in the art. The dosage will depend 
on the specific activity of the vaccine and can be readily determined by routine experimentation. 

While the invention has been described with reference to certain MurC polypeptides and polynucleotides, it is to 
be understood that this covers fragments of the naturally occurring polypeptides and polynucleotides, and similar 
25 polypeptides and polynucleotides with additions, deletions or substitutions which do not substantially affect the immu- 
nogenic properties of the recombinant polypeptides or polynucleotides. 

Compositions, kits and administration 

30 in a further aspect of the invention there are provided compositions comprising a MurC polynucleotide and/or a 

MurC polypeptide for administration to a cell or to a multicellular organism. 

The invention also relates to compositions comprising a polynucleotide and/or a polypeptides discussed herein or 
their agonists or antagonists. The polypeptides and polynucleotides of the invention may be employed in combination 
with a non-sterile or sterile carrier or carriers for use with cells, tissues or organisms, such as a pharmaceutical carrier 

35 suitable for administration to an individual. Such compositions comprise, for instance, a media additive or a therapeu- 
tically effective amount of a polypeptide and/or polynucleotide of the invention and a pharmaceutical^ acceptable 
carrier or excipient. Such carriers may include, but are not limited to, saline, buffered saline, dextrose, water, glycerol, 
ethanol and combinations thereof. The formulation should suit the mode of administration. The invention further relates 
to diagnostic and pharmaceutical packs and kits comprising one or more containers filled with one or more of the 

40 ingredients of the aforementioned compositions of the invention. 

Polypeptides, polynucleotides and other compounds of the invention may be employed alone or in conjunction 
with other compounds, such as therapeutic compounds. 

The pharmaceutical compositions may be administered in any effective, convenient manner including, for instance, 
administration by topical, oral, anal, vaginal, intravenous, intraperitoneal, intramuscular, subcutaneous, intranasal or 

^5 intradermal routes among others. 

In therapy or as a prophylactic, the active agent may be administered to an individual as an injectable composition, 
for example as a sterile aqueous dispersion, preferably isotonic. 

Alternatively the composition may be formulated for topical application for example in the form of ointments, creams, 
lotions, eye ointments, eye drops, ear drops, mouthwash, impregnated dressings and sutures and aerosols, and may 

50 contain appropriate conventional additives, including, for example, preservatives, solvents to assist drug penetration, 
and emollients in ointments and creams. Such topical formulations may also contain compatible conventional carriers, 
for example cream or ointment bases, and ethanol or oleyl alcohol for lotions. Such carriers may constitute from about 
1% to about 98% by weight of the formulation; more usually they will constitute up to about 80% by weight of the 
formulation. 

55 in a further aspect, the present invention provides for pharmaceutical compositions comprising a therapeutically 

effective amount of a polypeptide and/or polynucleotide, such as the soluble form of a polypeptide and/or polynucleotide 
of the present invention, agonist or antagonist peptide or small molecule compound, in combination with a pharma- 
ceutically acceptable carrier or excipient. Such carriers include, but are not limited to, saline, buffered saline, dextrose, 



20 



WEST 



EP 0 889 123 A2 



water, glycerol, ethanol, and combinations thereof. The invention further relates to pharmaceutical packs and kits com- 
prising one or more containers filled with one or more of the ingredients of the aforementioned compositions of the 
invention. Polypeptides, polynucleotides and other compounds of the present invention may be employed alone or in 
conjunction with other compounds, such as therapeutic compounds. 
5 The composition will be adapted to the route of administration, for instance by a systemic or an oral route. Preferred 

forms of systemic administration include injection, typically by intravenous injection. Other injection routes, such as 
subcutaneous, intramuscular, or intraperitoneal, can be used. Alternative means for systemic administration include 
transmucosal and transdermal administration using penetrants such as bile salts or fusidic acids or other detergents. 
In addition, if a polypeptide or other compounds of the present invention can be formulated in an enteric or an encap- 
10 sulated formulation, oral administration may also be possible. Administration of these compounds may also be topical 
and/or localized, in the form of salves, pastes, gels, and the like. 

For administration to mammals, and particularly humans, it is expected that the daily dosage level of the active 
agent will be from 0.01 mg/kg to 10 mg/kg, typically around 1 mg/kg. The physician in any event will determine the 
actual dosage which will be most suitable for an individual and will vary with the age, weight and response of the 
is particular individual. The above dosages are exemplary of the average case. There can, of course, be individual in- 
stances where higher or lower dosage ranges are merited, and such are within the scope of this invention. 

In-dwelling devices include surgical implants, prosthetic devices and catheters, i.e., devices that are introduced 
to the body of an individual and remain in position for an extended time. Such devices include, for example, artificial 
joints, heart valves, pacemakers, vascular grafts, vascular catheters, cerebrospinal fluid shunts, urinary catheters, 
20 continuous ambulatory peritoneal dialysis (CAPD) catheters. 

The composition of the invention may be administered by injection to achieve a systemic effect against relevant 
bacteria shortly before insertion of an in-dwelling device. Treatment may be continued after surgery during the in-body 
time of the device. In addition, the composition could also be used to broaden perioperative cover for any surgical 
technique to prevent bacterial wound infections, especially Staphylococcus aureus wound infections. 
25 Many orthopedic surgeons consider that humans with prosthetic joints should be considered for antibiotic proph- 

ylaxis before dental treatment that could produce a bacteremia. Late deep infection is a serious complication sometimes 
leading to loss of the prosthetic joint and is accompanied by significant morbidity and mortality. It may therefore be 
possible to extend the use of the active agent as a replacement for prophylactic antibiotics in this situation. 

In addition to the therapy described above, the compositions of this invention may be used generally as a wound 
30 treatment agent to prevent adhesion of bacteria to matrix proteins exposed in wound tissue and for prophylactic use 
in dental treatment as an alternative to, or in conjunction with, antibiotic prophylaxis. 

Alternatively, the composition of the invention may be used to bathe an indwelling device immediately before in- 
sertion. The active agent will preferably be present at a concentration of 1jig/ml to 10mg/ml for bathing of wounds or 
indwelling devices. 

35 a vaccine composition is conveniently in injectable form. Conventional adjuvants may be employed to enhance 

the immune response. A suitable unit dose for vaccination is 0.5-5 microgram/kg of antigen, and such dose is preferably 
administered 1-3 times and with an interval of 1-3 weeks. With the indicated dose range, no adverse toxicological 
effects will be observed with the compounds of the invention which would preclude their administration to suitable 
individuals. 

40 

Sequence Databases, Sequences in a Tangible Medium, and Algorithms 

Polynucleotide and polypeptide sequences form a valuable information resource with which to determine their 2- 
and 3-dimensional structures as well as to identify further sequences of similar homology. These approaches are most 

45 easily facilitated by storing the sequence in a computer readable medium and then using the stored data in a known 
macromolecular structure program or to search a sequence database using well known searching tools, such as GCG. 

The polynucleotide and polypeptide sequences of the invention are particularly useful as components in databases 
useful for search analyses as well as in sequence analysis algorithms. As used in this section entitled "Sequence 
Databases, Sequences in a Tangible Medium, and Algorithms," and in claims related to this section, the terms "poly- 

50 nucleotide of the invention" and "polynucleotide sequence of the invention" mean any detectable chemical or physical 
characteristic of a polynucleotide of the invention that is or may be reduced to or stored in a tangible medium, preferably 
a computer readable form. For example, chromatographic scan data or peak data, photographic data or scan data 
therefrom, called bases, and mass spectrograph^ data. As used in this section entitled Databases and Algorithms and 
in claims related thereto, the terms "polypeptide of the invention" and "polypeptide sequence of the invention" mean 

55 any detectable chemical or physical characteristic of a polypeptide of the invention that is or may be reduced to or 
stored in a tangible medium, preferably a computer readable form. For example, chromatographic scan data or peak 
data, photographic data or scan data therefrom, and mass spectrograph ic data. 

The invention provides a computer readable medium having stored thereon polypeptide sequences of the invention 
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and/or polynucleotide sequences of the invention. For example, a computer readable medium is provided comprising 
and having stored thereon a member selected from the group consisting of: a polynucleotide comprising the sequence 
of a polynucleotide of the invention; a polypeptide comprising the sequence of a polypeptide sequence of the invention; 
a set of polynucleotide sequences wherein at least one of the sequences comprises the sequence of a polynucleotide 
5 sequence of the invention; a set of polypeptide sequences wherein at least one of the sequences comprises the se- 
quence of a polypeptide sequence of the invention; a data set representing a polynucleotide sequence comprising the 
sequence of polynucleotide sequence of the invention; a data set representing a polynucleotide sequence encoding 
a polypeptide sequence comprising the sequence of a polypeptide sequence of the invention; a polynucleotide com- 
prising the sequence of a polynucleotide sequence of the invention; a polypeptide comprising the sequence of a 
10 polypeptide sequence of the invention; a set of polynucleotide sequences wherein at least one of the sequences com- 
prises the sequence of a polynucleotide sequence of the invention; a set of polypeptide sequences wherein at least 
one of said sequences comprises the sequence of a polypeptide sequence of the invention; a data set representing a 
polynucleotide sequence comprising the sequence of a polynucleotide sequence of the invention; a data set repre- 
senting a polynucleotide sequence encoding a polypeptide sequence comprising the sequence of a polypeptide se- 
ts quence of the invention. The computer readable medium can be any composition of matter used to store information 
or data, including, for example, commercially available floppy disks, tapes, chips, hard drives, compact disks, and video 
disks. 

Also provided by the invention are methods for the analysis of character sequences or strings, particularly genetic 
sequences or encoded genetic sequences. Preferred methods of sequence analysis include, for example, methods of 

20 sequence homology analysis, such as identity and similarity analysis, RNA structure analysis, sequence assembly 
cladistic analysis, sequence motif analysis, open reading frame determination, nucleic acid base calling, nucleic acid 
base trimming, and sequencing chromatogram peak analysis. 

A computer based method is provided for performing homology identification. This method comprises the steps 
of providing a first polynucleotide sequence comprising the sequence a polynucleotide of the invention in a computer 

25 readable medium; and comparing said first polynucleotide sequence to at least one second polynucleotide or polypep- 
tide sequence to identify homology. 

A computer based method is also provided for performing homology identification, said method comprising the 
steps of: providing a first polypeptide sequence comprising the sequence of a polypeptide of the invention in a computer 
readable medium; and comparing said first polypeptide sequence to at least one second polynucleotide or polypeptide 

30 sequence to identify homology. 

A computer based method is still further provided for polynucleotide assembly, said method comprising the steps 
of: providing a first polynucleotide sequence comprising the sequence of a polynucleotide of the invention in a computer 
readable medium; and screening for at least one overlapping region between said first polynucleotide sequence and 
at least one second polynucleotide or polypeptide sequence. 

35 A computer based method is still further provided for polynucleotide assembly, said method comprising the steps 

of: providing a first polypeptide sequence comprising a polypeptide of the invention in a computer readable medium; 
and screening for at least one overlapping region between said first polypeptide sequence and at least one second 
polynucleotide or polypeptide sequence. 

In another preferred embodiment of the invention there is provided a computer readable medium having stored 

40 thereon a member selected from the group consisting of: a polynucleotide comprising the sequence of SEQ ID NO. 1 
or 3; a polypeptide comprising the sequence of SEQ ID NO. 2 or 4; a set of polynucleotide sequences wherein at least 
one of said sequences comprises the sequence of SEQ ID NO. 1 or 3; a set of polypeptide sequences wherein at least 
one of said sequences comprises the sequence of SEQ ID NO. 2 or 4; a data set representing a polynucleotide se- 
quence comprising the sequence of SEQ ID NO. 1 or 3; a data set representing a polynucleotide sequence encoding 

45 a polypeptide sequence comprising the sequence of SEQ ID NO. 2 or 4; a polynucleotide comprising the sequence of 
SEQ ID NO. 1 or 3; a polypeptide comprising the sequence of SEQ ID NO. 2 or 4; a set of polynucleotide sequences 
wherein at least one of said sequences comprises the sequence of SEQ ID NO. 1 or 3; a set of polypeptide sequences 
wherein at least one of said sequences comprises the sequence of SEQ ID NO. 2 or 4; a data set representing a 
polynucleotide sequence comprising the sequence of SEQ ID NO. 1 or 3; a data set representing a polynucleotide 

50 sequence encoding a polypeptide sequence comprising the sequence of SEQ ID NO. 2 or 4. A further preferred em- 
bodiment of the invention provides a computer based method for performing homology identification, said method 
comprising the steps of providing a polynucleotide sequence comprising the sequence of SEQ ID NO. 1 or 3 in a 
computer readable medium; and comparing said polynucleotide sequence to at least one polynucleotide or polypeptide 
sequence to identify homology. 

55 a still further preferred embodiment of the invention provides a computer based method for performing homology 

identification, said method comprising the steps of: providing a polypeptide sequence comprising the sequence of SEQ 
I D NO. 2 or 4 in a computer readable medium; and comparing said polypeptide sequence to at least one polynucleotide 
or polypeptide sequence to identify homology. 
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A further embodiment of the invention provides a computer based method for polynucleotide assembly, said method 
comprising the steps of: providing a first polynucleotide sequence comprising the sequence of SEQ ID NO. 1 or 3 in 
a computer readable medium; and screening for at least one overlapping region between said first polynucleotide 
sequence and a second polynucleotide sequence. 
5 A further embodiment of the invention provides a computer based method for performing homology identification, 

said method comprising the steps of: providing a polynucleotide sequence comprising the sequence of SEQ ID NO.1 
or 3 in a computer readable medium; and comparing said polynucleotide sequence to at least one polynucleotide or 
polypeptide sequence to identify homology. 

All publications and references, including but not limited topatents and patent applications, cited in this specification 
10 are herein incorporated by reference in their entirety as if each individual publication or reference were specifically and 
individually indicated to be incorporated by reference herein as being fully set forth. Any patent application to which 
this application claims priority is also incorporated by reference herein in its entirety in the manner described above 
for publications and references. 

15 GLOSSARY 

The following definitions are provided to facilitate understanding of certain terms used frequently herein. 

"Antibody(ies)" as used herein includes polyclonal and monoclonal antibodies, chimeric, single chain, and human- 
ized antibodies, as well as Fab fragments, including the products of an Fab or other immunoglobulin expression library 
20 "Antigenically equivalent derivative (s)" as used herein encompasses a polypeptide, polynucleotide, or the equiv- 

alent of either which will be specifically recognized by certain antibodies which, when raised to the protein, polypeptide 
or polynucleotide according to the invention, interferes with the immediate physical interaction between pathogen and 
mammalian host. 

"Bispecific antibody(ies)" means an antibody comprising at least two antigen binding domains, each domain di- 

25 rected against a different epitope. 

"Bodily material(s) means any material derived from an individual or from an organism infecting, infesting or in- 
habiting an individual, including but not limited to, cells, tissues and waste, such as, bone, blood, serum, cerebrospinal 
fluid, semen, saliva, muscle, cartilage, organ tissue, skin, urine, stool or autopsy materials.. 

B Disease(s) B means any disease caused by or related to infection by a bacteria, including, for example, disease, 

30 such as, infections of the upper respiratory tract (e.g., otitis media, bacterial tracheitis, acute epiglottitis, thyroiditis), 
lower respiratory (e.g., empyema, lung abscess), cardiac (e.g., infective endocarditis), gastrointestinal (e.g., secretory 
diarrhoea, splenic absces, retroperitoneal abscess), CNS (e.g., cerebral abscess), eye (e.g., blepharitis, conjunctivitis, 
keratitis, endophthalmitis, preseptal and orbital cellulitis, darcryocystitis), kidney and urinary tract (e.g., epididymitis, 
intrarenal and perinephric absces, toxic shock syndrome), skin (e.g., impetigo, folliculitis, cutaneous abscesses, eel- 

35 lulitis, wound infection, bacterial myositis) bone and joint (e.g., septic arthritis, osteomyelitis). 

"Fusion protein(s)" refers to a protein encoded by two, often unrelated, fused genes or fragments thereof. In one 
example, EP-A-0464 discloses fusion proteins comprising various portions of constant region of immunoglobulin mol- 
ecules together with another human protein or part thereof. In many cases, employing an immunoglobulin Fc region 
as a part of a fusion protein is advantageous for use in therapy and diagnosis resulting in, for example, improved 

40 pharmacokinetic properties [see, e.g., EP-A 0232262]. On the other hand, for some uses it would be desirable to be 
able to delete the Fc part after the fusion protein has been expressed, detected and purified. 

"Host cell(s)" is a cell which has been transformed or transfected, or is capable of transformation or transfection 
by an exogenous polynucleotide sequence. 

"Identity," as known in the art, is a relationship between two or more polypeptide sequences or two or more poly- 

45 nucleotide sequences, as the case may be, as determined by comparing the sequences. In the art, "identity" also 
means the degree of sequence relatedness between polypeptide or polynucleotide sequences, as the case may be, 
as determined by the match between strings of such sequences. "Identity" can be readily calculated by known methods, 
including but not limited to those described in (Computational Molecular Biology, Lesk, AM., ed., Oxford University 
Press, New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New 

50 York, 1993; Computer Analysis of Sequence Data, Part I, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New 
Jersey, 1 994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1 987; and Sequence Analysis 
Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991; and Carillo, K, and Lipman, D. t SIAM 
J. Applied Math., 48: 1073 (1988). Methods to determine identity are designed to give the largest match between the 
sequences tested. Moreover, methods to determine identity are codified in publicly available computer programs. Com- 

55 puter program methods to determine identity between two sequences include, but are not limited to, the GCG program 
package (Devereux, J., et aL, Nucleic Acids Research 12(1): 387 (1984)), BLASTP, BLASTN, and FASTA (Altschul, 
S.F. et al. , J. Molec. Biol. 215: 403-41 0 (1 990). The BLAST X program is publicly available from NCBI and other sources 
(BLAST Manual, Altschul, S., etal, NCBI NLM NIH Bethesda, MD 20894; Altschul, S., etai, J. Mol. Biol. 275/403-410 
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(1990). The well known Smith Waterman algorithm may also be used to determine identity. 

Parameters for polypeptide sequence comparison include the following: 
1) Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970) 
Comparison matrix: BLOSSUM62 from Hentikoff and Hentikoff, Proc. Natl. Acad. Sci. USA. 
5 89:10915-10919(1992) 
Gap Penalty: 12 
Gap Length Penalty: 4 

A program useful with these parameters is publicly available as the "gap" program from Genetics Computer Group, 

Madison Wl. The aforementioned parameters are the default parameters for peptide comparisons (along with no penalty 
10 for end gaps). 

Parameters for polynucleotide comparison include the following: 

1) Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970) 

Comparison matrix: matches = +10, mismatch = 0 

Gap Penalty: 50 
?5 Gap Length Penalty: 3 

Available as: The "gap" program from Genetics Computer Group, Madison Wl. These are the default parameters for 
nucleic acid comparisons. 

A preferred meaning for "identity" for polynucleotides and polypeptides, as the case may be, are provided in (1) 
and (2) below. 

20 (1 ) Polynucleotide embodiments further include an isolated polynucleotide comprising a polynucleotide sequence 

having at least a 50, 60, 70, 80, 85, 90, 95, 97 or 100% identity to the reference sequence of SEQ ID NO:1 , wherein 
said polynucleotide sequence may be identical to the reference sequence of SEQ ID NO: 1 or may include up to a 
certain integer number of nucleotide alterations as compared to the reference sequence, wherein said alterations are 
selected from the group consisting of at least one nucleotide deletion, substitution, including transition and transversion, 

25 or insertion, and wherein said alterations may occur at the 5' or 3' terminal positions of the reference nucleotide se- 
quence or anywhere between those terminal positions, interspersed either individually among the nucleotides in the 
reference sequence or in one or more contiguous groups within the reference sequence, and wherein said number of 
nucleotide alterations is determined by multiplying the total number of nucleotides in SEQ ID NO:1 by the integer 
defining the percent identity divided by 100 and then subtracting that product from said total number of nucleotides in 

30 SEQ ID NO: 1, or: 

35 wherein n n is the number of nucleotide alterations, x n is the total number of nucleotides in SEQ ID NO:1 , y is 0.50 for 
50%, 0.60 for 60%, 0.70 for 70%, 0.80 for 80%, 0.85 for 85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1.00 for 
100%, and • is the symbol for the multiplication operator, and wherein any non-integer product of x n and y is rounded 
down to the nearest integer prior to subtracting it from x n . Alterations of a polynucleotide sequence encoding the 
polypeptide of SEQ ID NO:2 may create nonsense, missense or frameshift mutations in this coding sequence and 

40 thereby alter the polypeptide encoded by the polynucleotide following such alterations. 

By way of example, a polynucleotide sequence of the present invention may be identical to the reference sequence 
of SEQ ID NO:1, that is it may be 100% identical, or it may include up to a certain integer number of nucleic acid 
alterations as compared to the reference sequence such that the percent identity is less than 100% identity. Such 
alterations are selected from the group consisting of at least one nucleic acid deletion, substitution, including transition 

45 and transversion, or insertion, and wherein said alterations may occur at the 5' or 3' terminal positions of the reference 
polynucleotide sequence or anywhere between those terminal positions, interspersed either individually among the 
nucleic acids in the reference sequence or in one or more contiguous groups within the reference sequence. The 
number of nucleic acid alterations for a given percent identity is determined by multiplying the total number of nucleic 
acids in SEQ ID NO:1 by the integer defining the percent identity divided by 1 00 and then subtracting that product from 

50 said total number of nucleic acids in SEQ ID NO:1, or: 

n n* X n-< X n'y>' 

55 wherein n n is the number of nucleic acid alterations, x n is the total number of nucleic acids in SEQ ID NO:1 , y is, for 
instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., • is the symbol for the multiplication operator, and wherein any 
non-integer product of x n and y is rounded down to the nearest integer prior to subtracting it from x n . 

(2) Polypeptide embodiments further include an isolated polypeptide comprising a polypeptide having at least a 
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50,60, 70, 80, 85, 90, 95, 97 or 100% identity to a polypeptide reference sequence of SEQ ID NO:2, wherein said 
polypeptide sequence may be identical to the reference sequence of SEQ ID NO: 2 or may include up to a certain 
integer number of amino acid alterations as compared to the reference sequence, wherein said alterations are selected 
from the group consisting of at least one amino acid deletion, substitution, including conservative and non-conservative 

s substitution, or insertion, and wherein said alterations may occur at the amino- or carboxy-terminal positions of the 
reference polypeptide sequence or anywhere between those terminal positions, interspersed either individually among 
the amino acids in the reference sequence or in one or more contiguous groups within the reference sequence, and 
wherein said number of amino acid alterations is determined by multiplying the total number of amino acids in SEQ ID 
NO:2 by the integer defining the percent identity divided by 1 00 and then subtracting that product from said total number 

io of amino acids in SEQ ID NO:2, or: 

n a^ x a -( x a°y)' 

is wherein n a is the number of amino acid alterations, x a is the total number of amino acids in SEQ ID NO:2, y is 0.50 
for 50%, 0.60 for 60%, 0.70 for 70%, 0.80 for 80%, 0.85 for 85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1 .00 for 
100%, and • is the symbol for the multiplication operator, and wherein any non-integer product of x a and y is rounded 
down to the nearest integer prior to subtracting it from x a . 

By way of example, a polypeptide sequence of the present invention may be identical to the reference sequence 

20 of SEQ ID NO:2, that is it may be 100% identical, or it may include up to a certain integer number of amino acid 
alterations as compared to the reference sequence such that the percent identity is less than 100% identity Such 
alterations are selected from the group consisting of at least one amino acid deletion, substitution, including conserv- 
ative and non-conservative substitution, or insertion, and wherein said alterations may occur at the amino- or carboxy- 
terminal positions of the reference polypeptide sequence or anywhere between those terminal positions, interspersed 

25 either individually among the amino acids in the reference sequence or in one or more contiguous groups within the 
reference sequence. The number of amino acid alterations for a given % identity is determined by multiplying the total 
number of amino acids in SEQ I D NO:2 by the integer defining the percent identity divided by 1 00 and then subtracting 
that product from said total number of amino acids in SEQ ID NO:2, or: 

n a^ X a-( X a # y)' 

wherein n a is the number of amino acid alterations, Xq is the total number of amino acids in SEQ ID NO:2, y is, for 
instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., and • is the symbol for the multiplication operator, and wherein 

35 any non-integer product of x a and y is rounded down to the nearest integer prior to subtracting it from x a . 

"Immunologically equivalent derivative(s)" as used herein encompasses a polypeptide, polynucleotide, or the 
equivalent of either which when used in a suitable formulation to raise antibodies in a vertebrate, the antibodies act to 
interfere with the immediate physical interaction between pathogen and mammalian host. 

"Immunospecific" means that characteristic of an antibody whereby it possesses substantially greater affinity for 

40 the polypeptides of the invention or the polynucleotides of the invention than its affinity for other related polypeptides 
or polynucleotides respectively, particularly those polypeptides and polynucleotides in the prior art. 

"Individuals)" means a multicellular eukaryote, including, but not limited to a metazoan, a mammal, an ovid, a 
bovid, a simian, a primate, and a human. 

"Isolated" means altered "by the hand of man" from its natural state, /' e., if it occurs in nature, it has been changed 

45 or removed from its original environment, or both. For example, a polynucleotide or a polypeptide naturally present in 
a living organism is not "isolated," but the same polynucleotide or polypeptide separated from the coexisting materials 
of its natural state is "isolated", as the term is employed herein. Moreover, a polynucleotide or polypeptide that is 
introduced into an organism by transformation, genetic manipulation or by any other recombinant method is "isolated" 
even if it is still present in said organism, which organism may be living or non-living. 

50 "Organism(s)" means a (i) prokaryote, including but not limited to, a member of the genus Streptococcus, Staphy- 

lococcus, Bordetella, Corynebacterium, Mycobacterium, Neisseria, Haemophilus, Actinomycetes, Streptomycetes, No- 
cardia, Enterobacter, Yersinia, Fancisella, Pasturella, Moraxella, Acinetobacter, Erysipelothrix, Branhamella, Actino- 
bacillus, Streptobacillus, Listeria, Caiymmatobacterium, Brucella, Bacillus, Clostridium, Treponema, Escherichia, Sal- 
monella, Klebsiella, Vibrio, Proteus, Erwinia, Borrelia, Leptospira, Spirillum, Campylobacter, Shigella, Legionella, 

55 Pseudomonas, Aeromonas, Rickettsia, Chlamydia, Borrelia and Mycoplasma, and further including, but not limited to, 
a member of the species or group, Group A Streptococcus, Group B Streptococcus, Group C Streptococcus, Group 
D Streptococcus, Group G Streptococcus, Streptococcus pneumoniae, Streptococcus pyogenes, Streptococcus aga- 
lactiae, Streptococcus faecalis, Streptococcus faecium, Streptococcus durans, Neisseria gonorrheae, Neisseria men- 
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ingitidis, Staphylococcus aureus, Staphylococcus epidermidis, Corynebacterium diptheriae, Gardnerella vaginalis, My- 
cobacterium tuberculosis, Mycobacterium bovis, Mycobacterium ulcerans, Mycobacterium leprae, Actinomyctes is- 
raelii, Listeria monocytogenes, Bordetella pertusis, Bordatella parapertusis, Bordetella bronchiseptica, Escherichia 
coli, Shigella dysenteriae, Haemophilus influenzae, Haemophilus aegyptius, Haemophilus panainfluenzae, Haemophil- 

s us ducreyi, Bordetella, Salmonella typhi, Citrobacterfreundii, Proteus mirabilis, Proteus vulgaris, Yersinia pestis, Kleb- 
siella pneumoniae, Serratia marcessens, Serratia liquefaciens, Vibrio cholera, Shigella dysenterii, Shigella flexneri, 
Pseudomonas aeruginosa, Franscisella tularensis, Brucella abortis, Bacillus anthracis, Bacillus cereus, Clostridium 
perfringens, Clostridium tetani, Clostridium botutinum, Treponema pallidum, Rickettsia rickettsii and Chlamydia tra- 
chomitis, (ii) an archaeon, including but not limited to Archaebacter, and (iii) a unicellular or filamentous eukaryote, 

10 including but not limited to, a protozoan , a fungus, a member of the genus Saccharomyces, Ktuveromyces, or Candida, 
and a member of the species Saccharomyces ceriviseae, Kluveromyces lactis, or Candida albicans. 

"Polynucleotide(s)" generally refers to any polyribonucleotide or polydeoxyribonucleotide, which may be unmodi- 
fied RNA or DNAor modified RNA or DNA. "Polynucleotide^)" include, without limitation, single- and double-stranded 
DNA, DNA that is a mixture of single- and double-stranded regions or single-, double and triple-stranded regions, 

is single- and double-stranded RNA, and RNA that is mixture of single- and double-stranded regions, hybrid molecules 
comprising DNA and RNA that may be single-stranded or, more typically, double-stranded, or triple-stranded regions, 
or a mixture of single- and double-stranded regions. In addition, "polynucleotide" as used herein refers to triple-stranded 
regions comprising RNA or DNA or both RNA and DNA. The strands in such regions may be from the same molecule 
or from different molecules. The regions may include all of one or more of the molecules, but more typically involve 

20 only a region of some of the molecules. One of the molecules of a triple-helical region often is an oligonucleotide. As 
used herein, the term "polynucleotide^)" also includes DNAs or RNAs as described above that contain one or more 
modified bases. Thus, DNAs or RNAs with backbones modified for stability or for other reasons are "pofynucleotide(s) 
" as that term is intended herein. Moreover, DNAs or RNAs comprising unusual bases, such as inosine, or modified 
bases, such as tritylated bases, to name just two examples, are polynucleotides as the term is used herein. It will be 

25 appreciated that a great variety of modifications have been made to DNA and RNA that serve many useful purposes 
known to those of skill in the art. The term 'polynucleotide(s)" as it is employed herein embraces such chemically, 
enzymatically or metabolically modified forms of polynucleotides, as well as the chemical forms of DNA and RNA 
characteristic of viruses and cells, including, for example, simple and complex cells. "Polynucleotide(s)" also embraces 
short polynucleotides often referred to as oligonucleotide(s). 

30 "Polypeptide(s)" refers to any peptide or protein comprising two or more amino acids joined to each other by peptide 

bonds or modified peptide bonds. "Polypeptide(s)" refers to both short chains, commonly referred to as peptides, oli- 
gopeptides and oligomers and to longer chains generally referred to as proteins. Polypeptides may contain amino acids 
other than the 20 gene encoded amino acids. "Polypeptide(s)" include those modified either by natural processes, 
such as processing and other post-trans lational modifications, but also by chemical modification techniques. Such 

35 modifications are well described in basic texts and in more detailed monographs, as well as in a voluminous research 
literature, and they are well known to those of skill in the art. It will be appreciated that the same type of modification 
may be present in the same or varying degree at several sites in a given polypeptide. Also, a given polypeptide may 
contain many types of modifications. Modifications can occur anywhere in a polypeptide, including the peptide back- 
bone, the amino acid side-chains, and the amino or carboxyl termini. Modifications include, for example, acetylation, 

to acylation, ADP-ribosylation, amidation, covalent attachment of flavin, covalent attachment of a heme moiety, covalent 
attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent attachment 
of phosphotidyl inositol, cross-linking, cyclization, disulfide bond formation, demethylation, formation of covalent cross- 
links, formation of cysteine, formation of pyroglutamate, formylation, gamma-carboxylation, GPI anchor formation, hy- 
droxylation, iodination, methylation, myristoylation, oxidation, proteolytic processing, phosphorylation, prenylation, ra- 

45 cemization, glycosylation, lipid attachment, sulfation, gamma-carboxylation of glutamic acid residues, hydroxylation 
and ADP-ribosylation, selenoylation, sulfation, transfer-RNA mediated addition of amino acids to proteins, such as 
arginylation, and ubiquitination. See, for instance, PROTEINS - STRUCTURE AND MOLECULAR PROPERTIES, 2nd 
Ed., T. E. Creighton, W. H. Freeman and Company, New York (1993) and Wold, F., Posttranslational Protein Modifica- 
tions: Perspectives and Prospects, pgs. 1-12 in POSTTRANSLATIONAL COVALENT MODIFICATION OF PROTEINS, 

50 B. C. Johnson, Ed., Academic Press, New York (1983); Seifter et al., Meth. Enzymol. 782.626-446 (1990) and Rattan 
et al., Protein Synthesis: Posttranslational Modifications and Aging, Ann. N.Y Acad. Sci. 663: 48-62 (1992). Polypep- 
tides may be branched or cyclic, with or without branching. Cyclic, branched and branched circular polypeptides may 
result from post-trans lational natural processes and may be made by entirely synthetic methods, as well. 

"Recombinant expression system(s)" refers to expression systems or portions thereof or polynucleotides of the 

55 invention introduced or transformed into a host cell or host cell lysate for the production of the polynucleotides and 
polypeptides of the invention. 

"Subtraction set" is one or more, but preferably less than 100, polynucleotides comprising at least one polynucle- 
otide of the invention 
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"Variants)" as the term is used herein, is a polynucleotide or polypeptide that differs from a reference polynucleotide 
or polypeptide respectively, but retains essential properties. A typical variant of a polynucleotide differs in nucleotide 
sequence from another, reference polynucleotide. Changes in the nucleotide sequence of the variant may or may not 
alter the amino acid sequence of a polypeptide encoded by the reference polynucleotide. Nucleotide changes may 

5 result in amino acid substitutions, additions, deletions, fusion proteins and truncations in the polypeptide encoded by 
the reference sequence, as discussed below. A typical variant of a polypeptide differs in amino acid sequence from 
another, reference polypeptide. Generally, differences are limited so that the sequences of the reference polypeptide 
and the variant are closely similar overall and, in many regions, identical. A variant and reference polypeptide may 
differ in amino acid sequence by one or more substitutions, additions, deletions in any combination. A substituted or 

10 inserted amino acid residue may or may not be one encoded by the genetic code. The present invention also includes 
include variants of each of the polypeptides of the invention, that is polypeptides that vary from the referents by con- 
servative amino acid substitutions, whereby a residue is substituted by another with like characteristics. Typical such 
substitutions are among Ala, val, Leu and lie; among Ser and Thr; among the acidic residues Asp and Glu; among 
Asn and Gin; and among the basic residues Lys and Arg; or aromatic residues Phe and Tyr. Particularly preferred are 

is variants in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acids are substituted, deleted, or added in any combination. 
A variant of a polynucleotide or polypeptide may be a naturally occurring such as an allelic variant, or it may be a 
variant that is not known to occur naturally. Non-naturally occurring variants of polynucleotides and polypeptides may 
be made by mutagenesis techniques, by direct synthesis, and by other recombinant methods known to skilled artisans. 

20 EXAMPLES 

The examples below are carried out using standard techniques, which are well known and routine to those of skill 
in the art, except where otherwise described in detail. The examples are illustrative, but do not limit the invention. 

25 Example 1 Strain selection, Library Production and Sequencing 

The polynucleotide having a DNA sequence given in Table 1 [SEQ ID NO:1 or 3] was obtained from a library of 
clones of chromosomal DNA of Staphylococcus aureus in £ coli. The sequencing data from two or more clones con- 
taining overlapping Staphylococcus aureus DNAs was used to construct the contiguous DNA sequence in SEQ ID NO: 
30 1 . Libraries may be prepared by routine methods, for example: 

Methods 1 and 2 below. 

Total cellular DNA is isolated from Staphylococcus aureus WCUH 29 according to standard procedures and size- 
35 fractionated by either of two methods. 

Method 1 

Total cellular DNA is mechanically sheared by passage through a needle in order to size-fractionate according to 
*o standard procedures. DNA fragments of up to 11 kbp in size are rendered blunt by treatment with exonuclease and 
DNA polymerase, and EcoRI linkers added. Fragments are ligated into the vector Lambda Zapll that has been cut with 
EcoRI, the library packaged by standard procedures and E.coli infected with the packaged library. The library is am- 
plified by standard procedures. 

45 Method 2 

Total cellular DNA is partially hydrolyzed with a one or a combination of restriction enzymes appropriate to generate 
a series of fragments for cloning into library vectors (e.g., Rsal, Pall, Alul, Bshl235l), and such fragments are size- 
fractionated according to standard procedures. EcoRI linkers are ligated to the DNA and the fragments then ligated 
50 into the vector Lambda Zapll that have been cut with EcoRI, the library packaged by standard procedures, and E.coli 
infected with the packaged library. The library is amplified by standard procedures. 

Example 2 MurC Characterization 

55 Determination of expression, during infection, of a gene from Staphylococcus aureus 

Necrotic fatty tissue from a four day groin infection of Staphylococcus aureus WCUH29 in the mouse is efficiently 
disrupted and processed in the presence of chaotropic agents and RNAase inhibitor to provide a mixture of animal 
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and bacterial RNA. The optimal conditions for disruption and processing to give stable preparations and high yields of 
bacterial RNA are followed by the use of hybridisation to a radiolabeled oligonucleotide specific to Staphylococcus 
aureus 1 6S RNA on Northern blots. The RNAase free, DNAasef ree, DNAand protein free preparations of RNA obtained 
are suitable for Reverse Transcription PCR (RT-PCR) using unique primer pairs designed from the sequence of each 
5 gene of Staphylococcus aureus WCUH29. 

a) Isolation of tissue infected with Staphylococcus aureus WCUH29 from a mouse animal model of infection 

1 0 ml. volumes of sterile nutrient broth (No.2 Oxoid) are seeded with isolated, individual colonies of Staphylococcus 

10 aureus WCUH29 from an agar culture plate. The cultures are incubated aerobically (static culture) at 37°C for 16-20 
hours. 4 week old mice (female, 18g-22g, strain MF1) are each infected by subcutaneous injection of 0.5ml. of this 
broth culture of Staphylococcus aureus WCUH29 (diluted in broth to approximately 108 cfu/ml.) into the anterior, right 
lower quadrant (groin area). Mice should be monitored regularly during the first 24 hours after infection, then daily until 
termination of study. Animals with signs of systemic infection, i.e. lethargy, ruffled appearance, isolation from group, 

is should be monitored closely and if signs progress to moribundancy, the animal should be culled immediately. 

Visible external signs of lesion development will be seen 24-48h after infection. Examination of the abdomen of 
the animal will show the raised outline of the abscess beneath the skin. The localised lesion should remain in the right 
lower quadrant, but may occasionally spread to the left lower quadrant, and superiorly to the thorax. On occasions, 
the abscess may rupture through the overlying skin layers. In such cases the affected animal should be culled imme- 

20 diately and the tissues sampled if possible. Failure to cull the animal may result in the necrotic skin tissue overlying 
the abscess sloughing off, exposing the abdominal muscle wall. 

Approximately 96 hours after infection, animals are killed using carbon dioxide asphyxiation. To minimise delay 
between death and tissue processing /storage, mice should be killed individually rather than in groups. The dead animal 
is placed onto its back and the fur swabbed liberally with 70% alcohol. An initial incision using scissors is made through 

25 the skin of the abdominal left lower quadrant, travelling superiorly up to, then across the thorax. The incision is com- 
pleted by cutting interiorly to the abdominal lower right quadrant. Care should be taken not to penetrate the abdominal 
wall. Holding the skin flap with forceps, the skin is gentry pulled way from the abdomen. The exposed abscess, which 
covers the peritoneal wall but generally does not penetrate the muscle sheet completely, is excised, taking care not to 
puncture the viscera 

30 The abscess/muscle sheet and other infected tissue may require cutting in sections, prior to flash-freezing in liquid 

nitrogen, thereby allowing easier storage in plastic collecting vials. 

b) Isolation of Staphylococcus aureus WCUH29 RNA from infected tissue samples 

35 4-6 infected tissue samples(each approx 0.5-0.7g) in 2ml screwcap tubes are removed from -80oC .storage into a 

dry ice ethanol bath. In a microbiological safety cabinet the samples are disrupted individually whilst the remaining 
samples are kept cold in the dry ice ethanol bath. To disrupt the bacteria within the tissue sample 1 ml of TRIzol Reagent 
(Gibco BRL, Life Technologies) is added followed by enough 0. 1mm zirconia/silica beads to almost fill the tube, the lid 
is replaced taking care not to get any beads into the screw thread so as to ensure a good seal and eliminate aerosol 

40 generation. The sample isthen.homogenised in a Mini-BeadBeaterType BX-4(Biospec Products). Necrotic fatty tissue 
isstrain treated for 100 seconds at 5000 rpm in order to achieve bacterial lysis. In vivo grown bacteria require longer 
treatment than in vitro grown Staphylococcus aureus (which are for example disrupted by a 30 second bead-beat). 

After bead-beating the tubes are chilled on ice before opening in a fume-hood as heat generated during disruption 
may degrade the TRIzol and release cyanide. 

45 200 microlitres of chloroform is then added and the tubes shaken by hand for 15 seconds to ensure complete 

mixing. After 2-3 minutes at room temperature the tubes are spun down at 12,000 x g, 4°C for 15minutes and RNA 
extraction is then continued according to the method given by the manufacturers of TRIzol Reagent. Specifically, the 
aqueous phase, approximately 0.6 ml, is transferred to a sterile eppendorf tube and 0.5 ml of isopropanol is added. 
After 10 minutes at room temperature the samples are spun at 12,000 x g, 4°C for 10 minutes. The supernatant is 

50 removed and discarded then the RNA pellet is washed with 1 ml 75% ethanol. A brief vortex is used to mix the sample 
before centrifuging at 7,500 x g, 4°C for 5 minutes. The ethanol is removed and the RNA pellet dried under vacuum 
for no more than 5 minutes. Samples are then resuspended by repeated pipetting in 100 microlitres of DEPC treated 
water, followed by 5-10 minutes at 55°C. Finally, after at least 1 minute on ice, 200 units of Rnasin (Promega) is added. 
RNA preparations are stored at -80°C for up to one month. For longer term storage the RNA precipitate can be 

55 stored at the wash stage of the protocol in 75% ethanol for at least one year at -20° C. 

Quality of the RNA isolated is assessed by running samples on 1 % agarose gels. 1 x TBE gels stained with ethidium 
bromide are used to visualise total RNA yields. To demonstrate the isolation of bacterial RNA from the infected tissue 
1 x MOPS, 2.2M formaldehyde gels are run and vacuum blotted to Hybond-N (Amersham). The blot is then hybridised 



28 



WEST 



EP 0 889 123 A2 

with a 32 P labelled oligonucletide probe specific to 16s rRNA of Staphylococcus aureus (K.Greisen, M. Loeffelholz, 
A. Purohit and D. Leong. J.Clin. (1994) Microbiol. 32 335-351). The size of the hybridising band is compared to that 
of control RNA isolated from in vitro grown Staphylococcus aureus WCUH29 in the Northern blot. Correct sized bacterial 
16S rRNA bands can be detected in total RNA samples which show extensive degradation of the mammalian RNA 
5 when visualised on TBE gels. 

c) The removal of DNA from Staphylococcus aureus WCUH29-derived RNA 

DNA is removed from 73 microlitre samples of RNA by a 15 minute treatment on ice with 3 units of DNAasel, 
io amplification grade (Gibco BRL, Life Technologies) in the buffer supplied with the addition of 200 units of Rnasin (Prome- 
ga) in a final volume of 90 microlitres. 

The DNAase is inactivated and removed by treatment with TRIzol LS Reagent (Gibco BRL, Life Technologies) 
according to the manufacturers protocol. DNAase treated RNA is resuspended in 73 microlitres of DEPC treated water 
with the addition of Rnasin. 

75 

d) The preparation of cDNA from RNA samples derived from infected tissue 

10 microlitre samples of DNAase treated RNA are reverse transcribed using.a Superscript Preamplification System 
for First Strand cDNA Synthesis kit (Gibco BRL, Life Technologies) according to the manufacturers instructions. 1 
20 nanogram of random hexamers is used to prime each reaction. Controls without the addition of SuperScriptll reverse 
transcriptase are also run. Both +/-RT samples are treated with RNaseH before proceeding to the PCR reaction 

e) The use of PCR to determine the presence of a bacterial cDNA species 

25 PCR reactions are set up on ice in 0.2ml tubes by adding the following components: 45 microlitres PCR SUPERMIX 

(Gibco BRL, Life Technologies); 1 microlitre 50mM MgC12, to adjust final concentration to 2.5mM; 1 microlitre PCR 
primers (optimally 18-25 basepairs in length and designed to possess similar annealing temperatures), each primer 
at 10 mM initial concentration; and 2 microlitres cDNA. 

PCR reactions are run on a Perkin Elmer GeneAmp PCR System 9600 as follows: 5 minutes at 95°C, then 50 

30 cycles of 30 seconds each at 94°C, 42°C and 72°C followed by 3 minutes at 72°C and then a hold temperature of 4°C. 
(the number of cycles is optimally 30-50 to determine the appearance or lack of a PCR product and optimally 8-30 
cycles if an estimation of the starting quantity of cDNA from the RT reaction is to be made); 10 microlitre aliquots are 
then run out on 1% 1 x TBE gels stained with ethidium bromide with PCR product, if present, sizes estimated by 
comparison to a 100 bp DNA Ladder (Gibco BRL, Life Technologies). Alternatively if the PCR products are conveniently 

35 labelled by the use of a labelled PCR primer (e.g. labelled at the 5'end with a dye) a suitable aliquot of the PCR product 
is run out on a polyacrylamide sequencing gel and its presence and quantity detected using a suitable gel scanning 
system (e.g. AB! PrismTM 377 Sequencer using GeneScanTM software as supplied by Perkin Elmer). 

RT/PCR controls may include reverse transcriptase reactions, 1 6S rRNA primers or DNA specific primer pairs 
designed to produce PCR products from non -transcribed Staphylococcus aureus WCUH29 genomic sequences. 

40 To test the efficiency of the primer pairs they, are used in DNA PCR with Staphylococcus aureus WCUH29 total 

DNA. PCR reactions are set up and run as described above using approx. 1 microgram of DNA in place of the cDNA 
and 35 cycles of PCR. 

Primer pairs which fail to give the predicted sized product in either DNA PCR or RT/PCR are PCR failures and as 
such are uninformative. Of those which give the correct size product with DNA PCR two classes are distinguished in 
<5 RT/PCR: 1 .Genes which are not transcribed in vivo reproducibly fail to give a product in RT/PCR; and 2.Genes which 
are transcribed in vivo reproducibly give the correct size product in RT/PCR and show a stronger signal in the +RT 
samples than the signal (if at all present) in -RT controls. 

The polynucleotide sequence of the invention, SEQ ID NO: 1, was identified in the above test as transcribed in 
vivo in the mouse 7 day pyelonephritis model of infection. SEQ I D NO:2 was deduced from the polynucleotide sequence 
50 given as SEQ ID NO:1 . The pair of PCR primers used to identify the gene are given as SEQ ID NOS:5 and 6. 
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Annex to the description 



SEQUENCE LISTING 

10 (1) GENERAL INFORMATION: 

(i) APPLICANT: SmithKline Beecham Corporation & SmithKline 
Beecham Pic 



15 



20 



25 



45 



50 



55 



(ii) TITLE OF INVENTION: raurC 



(iii) NUMBER OF SEQUENCES: 6 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: SmithKline Beecham, Corporate Intellectual 

Property 

(B) STREET: Two New Horizons Court 

(C) CITY: Brentford 
30 (D) STATE: Middlesex 

(E) COUNTRY: United Kingdom 

(F) ZIP: TW8 9EP 

35 (v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: Windows 95 

40 (D) SOFTWARE: FastSEQ for Windows Version 2.0b 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 



(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/052,720 

(B) FILING DATE: 03-JUL-1997 



(viii) ATTORNEY/AGENT INFORMATION: 
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(A) NAME: CONNELL, Anthony Christopher 

(B) REGISTRATION NUMBER: 5630 & 26758 
5 (C) REFERENCE/ DOCKET NUMBER: GM10025 

(ix) TELECOMMUNICATION I N FORMAT ION : 

(A) TELEPHONE: +44 1279 644 395 

10 (B) TELEFAX: +44 181 975 6294 

(C) TELEX: 



*5 (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1351 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



30 



35 



40 



45 



SO 



ATGAGTAAGG AGTTTTATAT 


AATGACACAC 


TATCATTTTG 


TCGGAATTAA 


AGGTTCTGGC 


60 


ATGAGTTCAT 


TAGCACAAAT 


CATGCATGAT 


TTAGGACATG 


AAGTTCAAGG 


ATCGGATATT 


120 


GAGAACTACG 


TATTTACAGA AGTTGCTCTT 


AGAAATAAGG 


GGATAAAAAT 


ATTACCATTT 


180 


GGTGCTAATA 


ACATAAAAGA 


AGATATGGTA 


GTTATACAAG 


GTAATGCATT 


CGCGAGTAGC 


240 


CATGAAGAAA 


TAGTACGTGC 


ACATCAATTG 


AAATTAGATG 


TTGTAAGTTA 


TAATGATTTT 


300 


TTAGGACAGA TTATTGATCA ATATACTTCA GTAGCTGTAA 


CTGGTGCACA 


TGGTAAAACT 


360 


TCTACAACAG 


GTTTATTATC 


ACATGTTATG 


AATGGTGATA 


AAAAGACTTC 


ATTTTTAATT 


420 


GGTGATGGCA CAGGTATGGG 


ATTGCCTGAA 


AGTGATTATT 


TCGCTTTTGA 


GGCATGTGAA 


480 


TATAGACGTC 


ACTTTTTAAG 


TTATAAACCT 


GATTACGCAA 


TTATGACAAA 


TATTGATTTC 


540 


GATCATCCTG 


ATTATTTCAA 


AGATATTAAT 


GATGTTTTTG 


ATGCATTCCA 


AGAAATGGCA 


600 


CATAATGTTA AAAAAGGTAT 


TATTGCTTGG 


GGTGATGATG 


AACATCTACG 


TAAAATTGAA 


660 


GCAGATGTTC 


CAATTTATTA 


CTATGGATTT 


AAAGATTCGG 


ATGACATTTA 


TGCTCAAAAT 


720 


ATTCAAATTA 


CGGATAAAGG 


TACTGCTTTT 


GATGTGTATG 


TGGATGGTGA 


GTTTTATGAT 


780 


CACTTCCTGT 


CTCCACAATA 


TGGTGACCAT 


ACAGTTTTAA 


ATGCATTAGC 


TGTAATTGCG 


840 


ATTAGTTATT 


TAGAGAAGCT 


AGATGTTACA 


AATATTAAAG 


AAGCATTAGA 


AACGTTTGGT 


900 


GGTGTTAAAC 


GTCGTTTCAA 


TGAAACTACA 


ATTGCAAATC 


AAGTTATTGT 


AGATGATTAT 


960 


GCACACCATC 


CAAGAGAAAT 


TAGTGCTACA 


AT TG AC AC AG 


CACGAAAGAA 


ATATCCACAT 


1020 


AAAGAAGTTG 


TTGCAGTATT 


TCAACCACAC 


ACTTTCTCTA 


GAACACAAGC 


ATTTTTAAAT 


1080 


GAATTTGCAG 


AAAGTTTATG 


TAAAGCAGAT 


CGTGTATTCT 


TATGTGAAAT 


TTTTGGCTCA 


1140 


ATTAGAGAAA 


ATTCTGGCGC 


ATTAACGATA 


CAAGATTTAA 


TTGATAAAAT 


TGGAGGTGCA 


1200 
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TCGTTCATTA ATGAAGATCT TATTAATGTA TTAGAACAAT TTGATAATGC TGTTGTTTTA 1260 
TTTATGGGTG CAGGTGATAT TCAAAAATTA CAAAATGCAT ATTTAGATAA ATTAGGCATG 1320 
AAAAATGCGT TTTAATATGT TTATAATAGA G 1351 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 37 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



Met Thr His Tyr His Phe Val Gly He Lys Gly Ser Gly Met Ser Ser 
15 10 15 

25 Leu Ala Gin He Met His Asp Leu Gly His Glu Val Gin Gly Ser Asp 

20 25 30 

He Glu Asn Tyr Val Phe Thr Glu Val Ala Leu Arg Asn Lys Gly He 
35 40 45 

30 Lys He Leu Pro Phe Gly Ala Asn Asn He Lys Glu Asp Met Val Val 

50 55 60 

He Gin Gly Asn Ala Phe Ala Ser Ser His Glu Glu He Val Arg Ala 
65 70 75 80 

His Gin Leu Lys Leu Asp Val Val Ser Tyr Asn Asp Phe Leu Gly Gin 

85 90 95 

He He Asp Gin Tyr Thr Ser Val Ala Val Thr Gly Ala His Gly Lys 
100 105 110 

. Thr Ser Thr Thr Gly Leu Leu Ser His Val Met Asn Gly Asp Lys Lys 
115 120 125 

Thr Ser Phe Leu He Gly Asp Gly Thr Gly Met Gly Leu Pro Glu Ser 

130 135 140 

Asp Tyr Phe Ala Phe Glu Ala Cys Glu Tyr Arg Arg His Phe Leu Ser 
145 150 155 160 

Tyr Lys Pro Asp Tyr Ala He Met Thr Asn He Asp Phe Asp His Pro 
so 165 170 175 

Asp Tyr Phe Lys Asp lie Asn Asp Val Phe Asp Ala Phe Gin Glu Met 

180 185 190 

Ala His Asn Val Lys Lys Gly He He Ala Trp Gly Asp Asp Glu His 
« 195 200 205 



35 



40 



45 
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Leu Arg Lys lie Glu Ala Asp Val Pro lie Tyr Tyr Tyr Gly Phe Lys 

210 215 220 

Asp Ser Asp Asp lie Tyr Ala Gin Asn lie Gin lie Thr Asp Lys Gly 
225 230 235 240 

Thr Ala Phe Asp Val Tyr Val Asp Gly Glu Phe Tyr Asp His Phe Leu 

245 250 255 

Ser Pro Gin Tyr Gly Asp His Thr Val Leu Asn Ala Leu Ala Val lie 

260 265 270 

Ala lie Ser Tyr Leu Glu Lys Leu Asp Val Thr Asn lie Lys Glu Ala 

275 280 285 

Leu Glu Thr Phe Gly Gly Val Lys Arg Arg Phe Asn Glu Thr Thr He 

290 295 300 

Ala Asn Gin Val He Val Asp Asp Tyr Ala His His Pro Arg Glu He 
305 310 315 320 

Ser Ala Thr He Asp Thr Ala Arg Lys Lys Tyr Pro His Lys Glu Val 

325 330 335 

Val Ala Val Phe Gin Pro His Thr Phe Ser Arg Thr Gin Ala Phe Leu 

340 345 350 

Asn Glu Phe Ala Glu Ser Leu Cys Lys Ala Asp Arg Val Phe Leu Cys 

355 360 365 

Glu He Phe Gly Ser He Arg Glu Asn Ser Gly Ala Leu Thr He Gin 

370 375 380 

Asp Leu He Asp Lys He Gly Gly Ala Ser Phe He Asn Glu Asp Leu 
385 390 395 400 

He Asn Val Leu Glu Gin Phe Asp Asn Ala Val Val Leu Phe Met Gly 

405 410 415 

Ala Gly Asp He Gin Lys Leu Gin Asn Ala Tyr Leu Asp Lys Leu Gly 

420 425 430 

Met Lys Asn Ala Phe 
435 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 660 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
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5 



10 



ATTTAAAGAT 


TCGGATGACA 


TTTATGCTCA 


AATATTTCAA 


ATTACGGATA 


AAGGTACTGC 


60 


TGTTGATGTG 


TATGTGGATG 


GTGAGTTTTA 


TGATCACTTC 


CTGTCTCCAC 


AATATGGTGA 


120 


CCATACAGTT 


TTAAATGCAT 


TAGCTGTAAT 


TGCGATTAGT 


TATTTAGAGA 


AGCTAGATGT 


180 


TACAAATATT 


AAAGAAGCAT 


TAGAAACGTT 


TGGTGGTGTT 


AAACGTCGTT 


TCAATGAAAC 


240 


TACAATTGCA 


AATCAAGTTA 


TTGTAGATGA 


TTATGCACAC 


CATCCAAGAG 


AAATTAGTGC 


300 


TACAATTGAC 


ACAGCACGAA AGAAATATCC 


ACATAAAGAA 


GTTGTTGCAG 


TATTTCAACC 


360 


ACACACTTTC 


TCTAGAACAC 


AAGCATTTTT 


AAATGAATTT 


GCAGAAAGTT 


TAAGTAAAGC 


420 


AGATCGTGTA 


TTCTTATGTG 


AAATTTTTGG 


ATCAATTAGA 


GAAAATACTG 


GCGCATTAAC 


480 


GATACAAGAT 


TTAATTGATA 


AAATTGAAGG 


TGCATCGTTA 


ATTAATGAAG 


ATTCTATTAA 


540 


TGTATTAGAA 


CAATTTGATA ATGCTGTTGT 


TTTATTTATG 


GGTGCAGGTG 


ATATTCAAAA 


600 


ATTACAAAAT 


GCATATTTAG 


ATAAATTAGG 


CATGAAAAAT 


GCGTTTTAAT 


ATGTTTATAA 


660 



(2) INFORMATION FOR SEQ ID NO: 4: 

20 

(i) SEQUENCE CHARACTERISTICS: 
.. (A) LENGTH: 215 amino acids 
(B) TYPE: amino acid 
25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 



35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



Phe Lys Asp Ser Asp Asp lie Tyr Ala Gin lie Phe Gin lie Thr Asp 

15 10 15 

Lys Gly Thr Ala Val Asp Val Tyr Val Asp Gly Glu Phe Tyr Asp His 

20 25 30 

Phe Leu Ser Pro Gin Tyr Gly Asp His Thr Val Leu Asn Ala Leu Ala 
40 35 40 45 

Val lie Ala lie Ser Tyr Leu Glu Lys Leu Asp Val Thr Asn lie Lys 

50 55 60 

Glu Ala Leu Glu Thr Phe Gly Gly Val Lys Arg Arg Phe Asn Glu Thr 
45 65 70 75 80 

Thr He Ala Asn Gin Val He Val Asp Asp Tyr Ala His His Pro Arg 

85 90 95 

Glu He Ser Ala Thr He Asp Thr Ala Arg Lys Lys Tyr Pro His Lys 
50 100 105 110 

Glu Val Val Ala Val Phe Gin Pro His Thr Phe Ser Arg Thr Gin Ala 

115 120 125 

Phe Leu Asn Glu Phe Ala Glu Ser Leu Ser Lys Ala Asp Arg Val Phe 

55 
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10 



15 



20 



40 



45 



50 



130 135 140 

Leu Cys Glu lie Phe Gly Ser He Arg Glu Asn Thr Gly Ala Leu Thr 
145 150 155 160 

He Gin Asp Leu He Asp Lys He Glu Gly Ala Ser Leu He Asn Glu 

165 170 175 

Asp Ser He Asn Val Leu Glu Gin Phe Asp Asn Ala Val Val Leu Phe 

180 185 190 

Met Gly Ala Gly Asp He Gin Lys Leu Gin Asn Ala Tyr Leu Asp Lys 

195 200 205 

Leu Gly Met Lys Asn Ala Phe 
210 215 

(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE : nucleic acid 
25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CTTCATTAAT GAACGATGC 19 

35 (2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 19 base pairs 
-(B) TYPE: nucleic acid - 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GTTACAAATA TTAAAGAAG 19 



55 Claims 

1. An isolated polypeptide selected from the group consisting of: 
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(i) an isolated polypeptide comprising an amino acid having at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity 

to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:2 or 4, 

(iii) an isolated polypeptide which is the amino acid sequence of SEQ ID NO:2 or 4, and 

(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
of SEQ ID NO: 1 or 3. 

An isolated polynucleotide selected from the group consisting of: 

(i) an isolated polynucleotide comprising a polynucleotide sequence encoding a polypeptide that has at least 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity; 

to the amino acid sequence of SEQ ID NO:2 or 4, over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polynucleotide comprising a polynucleotide sequence that has at least: 

(a) 70% identity 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity; 

over its entire length to a polynucleotide sequence encoding the polypeptide of SEQ ID NO:2 or 4; 

(iii) an isolated polynucleotide comprising a nucleotide sequence which has at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity; 

to that of SEQ ID NO: 1 or 3 over the entire length of SEQ ID NO: 1 or 3; 

(iv) an isolated polynucleotide comprising a nucleotide sequence encodingthe polypeptide of SEQ ID NO:2" 
or 4; 

(v) an isolated polynucleotide which is the polynucleotide of SEQ ID NO: 1 or 3; 

(vi) an isolated polynucleotide obtainable by screening an appropriate library under stringent hybridization 
conditions with a probe having the sequence of SEQ ID NO:1 or 3 or a fragment thereof; 

(vii) an isolated polynucleotide encoding a mature polypeptide expressed by the MurC gene contained in the 
Staphylococcus aureus; and 

(viii) a polynucleotide sequence complementary to said isolated polynucleotide of (i), (ii), (iii), (iv), (v), (vi)or(vii). 
An antibody antigenic to or immunospecific for the polypeptide of claim 1 . 

A method for the treatment of an individual: 

(i) in need of enhanced activity or expression of the polypeptide of claim 1 comprising the step of: 

(a) administering to the individual a therapeutically effective amount of an agonist to said polypeptide; or 

(b) providing to the individual an isolated polynucleotide comprising a polynucleotide sequence encoding 
said polypeptide in a form so as to effect production of said polypeptide activity in vivo; or 
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(ii) having need to inhibit activity or expression of the polypeptide of claim 1 comprising: 

(a) administering to the individual a therapeutically effective amount of an antagonist to said polypeptide; or 

(b) administering to the individual a nucleic acid molecule that inhibits the expression of a polynucleotide 
sequence encoding said polypeptide; or 

(c) administering to the individual a therapeutically effective amount of a polypeptide that competes with 
said polypeptide for its ligand, substrate , or receptor. 

A process for diagnosing or prognosing a disease or a susceptibility to a disease in an individual related to ex- 
pression or activity of the polypeptide of claim 1 in an individual comprising the step of: 

(a) determining the presence or absence of a mutation in the nucleotide sequence encoding said polypeptide 
in the genome of said individual; or 

(b) analyzing for the presence or amount of said polypeptide expression in a sample derived from said indi- 
vidual. 

A method for screening to identify compounds that activate or that inhibit the function of the polypeptide of claim 
1 which comprises a method selected from the group consisting of: 



(a) measuring the binding of a candidate compound to the polypeptide or to the \cells) or membranes bearing 
the polypeptide or a fusion protein thereof by means of a label directly or indirectly associated with the candidate 
compound; 

(b) measuring the binding of a candidate compound to the polypeptide or to the cells or membranes bearing 
the polypeptide or a fusion protein thereof in the presence of a labeled competitor; 

(c) testing whether the candidate compound results in a signal generated by activation or inhibition of the 
polypeptide, using detection systems appropriate to the cells or cell membranes bearing the polypeptide; 

(d) mixing a candidate compound with a solution containing a polypeptide of claim 1 , to form a mixture, meas- 
uring activity of the polypeptide in the mixture, and comparing the activity of the mixture to a standard; 

(e) detecting the effect of a candidate compound on the production of mRNA encoding said polypeptide and 
said polypeptide in cells, using for instance, an ELISA assay, or 



(1) contacting a composition comprising the polypeptide with the compound to be screened under condi- 
tions to permit interaction between the compound and the polypeptide to assess the interaction of a com- 
pound, such interaction being associated with a second component capable of providing a detectable 
signal in response to the interaction of the polypeptide with the compound; and 

(2) determining whether the compound interacts with and activates or inhibits an activity of the polypeptide 
by detecting the presence or absence of a signal generated from the interaction of the compound with the 
polypeptide. 

An agonist or an antagonist of the activity or expression polypeptide of claim 1. 

An expression system comprising a polynucleotide capable of producing a polypeptide of claim 1 when said ex- 
pression system is present in a compatible host cell. 

A host cell comprising the expression system of claim 8 or a membrane thereof expressing a polypeptide selected 
from the group consisting of: 

(i) an isolated polypeptide comprising an amino acid sequence selected from the group having at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity 

to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:2 or 4; 

(iii) an isolated polypeptide which is the amino acid sequence of SEQ ID NO:2 or 4, and 
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(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
of SEQIDNO:1 or 3. 

10. A process for producing a polypeptide selected from the group consisting of: 

5 

(i) an isolated polypeptide comprising an amino acid sequence selected from the group having at least: 

(a) 70% identity: 

(b) 80% identity: 

io ( C ) 90% identity; or 

(d) 95% identity 

to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:2 or 4; 
'5 (iii) an isolated polypeptide which is the amino acid sequence of SEQ ID NO:2 or 4, and 

(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
of SEQ ID NO: 1 or 3, 

comprising the step of culturing a host cell of claim 9 under conditions sufficient for the production of said 
20 polypeptide. 

11. A process for producing a host cell comprising the expression system of claim 8 or a membrane thereof expressing 
a polypeptide selected from the group consisting of: 

(i) an isolated polypeptide comprising an amino acid sequence selected from the group having at least: 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity 

to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:2 or 4; 

(iii) an isolated polypeptide which is the amino acid sequence of SEQ ID NO:2 or 4, and 

(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
of SEQ ID NO: 1 or 3, 

said process comprising the step of transforming or transfecting a cell with an expression system comprising 
a polynucleotide capable of producing said polypeptide of (i), (ii), (iii) or (iv) when said expression system is present 
in a compatible host cell such the host celj, under appropriate culture conditions, produces said polypeptide of (i)~ 
(ii), (iii) or (iv). 

12. A host cell produced by the process of claim 11 or a membrane thereof expressing a polypeptide selected from 
the group consisting of: 

45 

(i) an isolated polypeptide comprising an amino acid sequence selected from the group having at least: 

(a) 70% identity; 

(b) 80% identity; 
50 ( C ) 90% identity; or 

(d) 95% identity 

to the amino acid sequence of SEQ ID NO:2 or 4 over the entire length of SEQ ID NO:2 or 4; 

(ii) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:2 or 4; 
55 (iii) an isolated polypeptide which is the amino acid sequence of SEQ ID NO:2 or 4, and 

(iv) a polypeptide which is encoded by a recombinant polynucleotide comprising the polynucleotide sequence 
of SEQ ID NO: 1 or 3. 
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13. A computer readable medium having stored thereon a member selected from the group consisting of: a polynu- 
cleotide comprising the sequence of SEQ ID NO. 1 or 3; a polypeptide comprising the sequence of SEQ ID NO. 

2 or 4; a set of polynucleotide sequences wherein at least one of said sequences comprises the sequence of SEQ 
ID NO. 1 or 3; a set of polypeptide sequences wherein at least one of said sequences comprises the sequence of 

5 SEQ ID NO. 2 or 4; a data set representing a polynucleotide sequence comprising the sequence of SEQ ID NO. 

1 or 3; a data set representing a polynucleotide sequence encoding a polypeptide sequence comprising the se- 
quence of SEQ ID NO. 2 or 4; a polynucleotide comprising the sequence of SEQ ID NO. 1 or 3; a polypeptide 
comprising the sequence of SEQ ID NO. 2 or 4; a set of polynucleotide sequences wherein at least one of said 
sequences comprises the sequence of SEQ ID NO. 1 or 3; a set of polypeptide sequences wherein at least one 

10 of said sequences comprises the sequence of SEQ ID NO. 2 or 4; a data set representing a polynucleotide se- 

quence comprising the sequence of SEQ ID NO. 1 or 3; a data set representing a polynucleotide sequence en- 
coding a polypeptide sequence comprising the sequence of SEQ ID NO. 2 or 4. 

14. A computer based method for performing homology identification, said method comprising the steps of providing 
*5 a polynucleotide sequence comprising the sequence of SEQ ID NO. 1 or 3 in a computer readable medium; and 

comparing said polynucleotide sequence to at least one polynucleotide or polypeptide sequence to identify ho- 
mology. 

1 5. A further embodiment of the invention provides a computer based method for polynucleotide assembly said method 
20 comprising the steps of: providing a first polynucleotide sequence comprising the sequence of SEQ ID NO. 1 or 

3 in a computer readable medium; and screening for at least one overlapping region between said first polynucle- 
otide sequence and a second polynucleotide sequence. 
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16. An isolated polynucleotide selected form the group consisting of: 



(a) an isolated polynucleotide comprising a nucleotide sequence which has at least 70%, 80%, 90%, 95%, 
97% identity to SEQ ID NO:3 over the entire length of SEQ ID NO:3; 

(b) an isolated polynucleotide comprising the polynucleotide of SEQ ID NO:3; 

(c) the polynucleotide of SEQ ID NO:3; or 

30 (d) an isolated polynucleotide comprising a nucleotide sequence encoding a polypeptide which has at least 

70%, 80%, 90%, 95%, 97, 98, 99 or 99.5% identity to the amino acid sequence of SEQ ID NO:4, over the 
entire length of SEQ ID NO:4. 



17. A polypeptide selected from the group consisting of: 



(a) a polypeptide which comprises an amino acid sequence which has at least 70%, 80%, 90%, 95%, 97, 98, 
99 or 99.5% identity to that of SEQ ID NO:4 over the entire length of SEQ ID NO:4; 

(b) a polypeptide which has an amino acid sequence which is at least 70%, 80%, 90%, 95%, 97, 98, 99 or 
99.5% identity to the amino acid sequence of SEQ ID NO:4 over the entire length of SEQ ID NO:4; 

40 _(c). a polypeptide which comprises the amino acid of SEQ ID NO:4; . -- ■ - 

(d) a polypeptide which is the polypeptide of SEQ ID NO:4; 

(e) a polypeptide which is encoded by a polynucleotide comprising the sequence contained in SEQ ID NO:3. 
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DOCUMENT-IDENTIFIER: US 6534284 Bl 

TITLE: MurD protein and gene of Staphylococcus aureus 



Brief Summary Text (10): 

The construction of the peptidoglycan begins in the cytoplasm with an activated sugar molecule, 
UDP-N-acetylglucosamine. After two reactions (catalyzed by MurA and MurB) that result in the placement of 
a lactyl group on the 3-OH of the glucosamine moiety, a series of A TP-dependent amino acid ligases (MurC, -D, 
-E, and -F) catalyze the stepwise synthesis of the pentapeptide sidechain using the newly synthesized lactyl 
carboxylate as the first acceptor site. After attachment of the sugar pentapeptide to a lipid carrier in the 
plasma membrane, another glucosamine unit is added to the 4-OH of the muramic acid moiety. The completed 
monomeric building block is moved across the membrane into the periplasm where the penicillin-binding 
proteins enzymatically add it into the growing cell wall. 



Drawing Description Text (4): 

FIG. 3. Comparison of the murein consensus sequence with MurD of S. aureus (Sau). The murein consensus 
sequence (shown in bold) was generated by multiple alignments of murein genes murC, -D, -E, and -F from 
various bacterial genera (Eveland, S. S., D. L. Pompliano, and M. S. Anderson, 1997, Conditionally lethal 
Escherichia coli murein mutants contain point n»f g/-t« th^t mnp rf gioas c^n^pf vfH nm/>ng nwrin and folyl 
poly-g-glutamate ligases: Identification of a ligase superfamily.C^iochemistry. 36: 6223-6229)T^ 



Detailed Description Text (68): 

Multiple sequence alignments of MurC (Ikeda, M., M. Wachi, H. K. Jung, F. Ishino, and M. Matsuhashi, 1990, 
Nucleotidesequence involving murG and murC in the mra gene cluster-of Escherichia coli. Nucleic Acids Res. 
<^J^4O140j^rD, MurE (Too, J. S, and E. E., Ishiguro, 1989, Nucleotide sequence of the murE gene of 

Escherichia coli. Can. J. Microbiol. 35:1051-1054), and MurF (Parquet, C, D. Mengin-Lecreulx, B. Flouret, D. 
Mengin-Lecreulx, and J. van Heijenoort, 1989, Nucleotide sequence of the murF gene encoding the 
UDP-MurNAc-pentapeptide synthetase of Escherichia coli., Nucleic Acids Res. 17:5379) proteins from several 
bacterial genera revealed four regions of homology with certain residues conserved amongst Mur ligases of 
both Gram-positive and Gram-negative bacteria (Eveland, S. S., D. L. Pompliano, and M. S. Anderson, 1997, 
Conditionally lethal Escherichia coli murein mutants contain point defects that map to regions conserved among 
murein and folyl poly-g-glutamate ligases: Identification of a ligase superfamily. Biochemistry, 36: 6223-6229, 
Ikeda, M., M. Wachi, H. K. Jung, F. Ishino, and M. Matsuhashi, 1990, Homology among MurC, MurD, MurE and 
MurF proteins in Escherichia coli and that between E. coli murG and a possible murG protein in Bacillus subtilis. 
J. Gen. Appl. MicrobioL^36^JI2zlf7). TJieJjomologous regions may correlate with the catalytic functions of 
these enzymes (Evgja ncL ^ ^J9^ ^j^s\^no^ab\e is the putative ATP binding region I that was found in 
MurF (Parquet, C, D. Mengin-Lecreulx, B. Flouret, D. Mengin-Lecreulx, and J. van Heijenoort, 1989, Nucleotide 
sequence of the murF gene encoding the UDP-MurNAc-pentapeptide synthetase of Escherichia coli., Nucleic 
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Acids Res. 17:5379) and is also conserved in S. aureus MurD protein (codons 117 to 124, FIGS. 1 and 2). While 
region I is an A TP-binding domain (Ikeda, et al., 1990), the function of the other homologous regions is 
unknown. Of these three other regions, only two of them appear to be present in S. aureus (FIG. 3). Region 
III, which contains two contiguous Asp residues, is not conserved in S. aureus AAurD, although it is present in 
AAurD of B. subtilis. Within regions I, II, and IV, the specific residues conserved in the known murein ligases 
are also present in S. aureus AAurD (FIG. 3). 



Detailed Description Text (93): 

REFERENCES Altschul, S. F., W. Gish, W. AAiller, E. AAyers, and D. J. Lipman, 1990, Basic local alignment search 
tool. J. AAol. Biol. 215:403-410. Blanot, D., A. Kretsovali, AA. Abo-Ghalia, D. Mengin-Lecreulx, and J. van 
Heijenoort, 1983, Synthesis of analogues of precusors of bacterial peptidoglycan. p. 311-314. In peptides. 
Blaha, K. and P. AAalon, eds. PP311-314. Walter de Gryter and Co. Berlin, N.Y. Daniel, R. A., and J. Errington, 
1993, DNA sequence of the murE-murD region of Bacillus subtilis 168, J. Gen. Microbiol. 139:361-370. Eveland, 
S. S., D. L. Pompliano, and AA. S. Anderson, 1997, Conditionally lethal Escherichia coli murein mutants contain 
point defects that map to regions conserved among murein and f olyl poly-g-glutamate ligases: Identification of 
a ligase superfamily. Biochemistry, 36:6223-6229. Flouret, B., D. AAengin-Lecreulx, and J. van Heijenoort, 1981, 
Reverse-phase high-pressure liquid chromatography of Uridine Diphosphate N-Acetylmuramyl peptide 
precursors of bacterial cell wall peptidoglycan, Anal. Biochem. 114:59-63. Henriques, A. O. de Lencaster, H. and 
P. J. Piggot, 1992, A Bacillus subtilis morphogene cluster that includes spoVE is homologous to the mra region 
of Escherichia coli. Biochimie. 74: 735-748. Ikeda, AA., AA. Wachi, F. Ishino, and AA. AAatsuhashi, 1990, 
Nucleotide sequence involving murD an<lerpepen reading frame ORF-Y spacing murF and f tsW in Escherichia 
coli. Nucleic Acids Res. 18:1058. Ikeda0\A., AA. Whchi, H. K. Jung, F. Ishino, and AA. AAatsuhashi, 1990, 
Nucleotide sequence involving murG and murC in/the mra gene cluster of Escherichia coli. Nucleic Acids Res. 
18:4014. Ikeda, AA., AA. Wachi, H. K. Jungjy^hino, and AA. AAatsuhashi, 1990, Homology among AAurC, AAurD, 
AAurE and MurF proteins in Escherichia coli and that between E. coli murG and a possible murG protein in 
Bacillus subtilis. J. Gen. Appl. Microbiol. 36: 179-187. Ito, E. and J. L. Strominger, 1962, Enzymatic synthesis 
of the peptide in bacterial uridine nucleotides: Enzymatic addition of L-alanine, D-glutamic acid, and L-lysine. 
J. Biol. Chem. 237: 2689-2695. Ito E. and J. L. Strominger, 1973, Enzymatic synthesis of the peptide in 
bacterial uridine nucleotides: Comparative biochemistry, J. Biol. Chem. 248: 3131-3136. Jin, H., Emanuele, J. J., 
Jr., Fairman, R., Robertson, J. G., Hail, M. E., Ho, H.-T., Falk, P. and Villafranca, J. J., 1996, Structural studies 
of Escherichia coli UDP-N-acetylmuramate: L-alanine ligase, Biochemistry 35: 14423-14431. Lugtenberg, E. J. 
J., 1972, Studies on Escherichia coli enzymes involved in the synthesis of Uridine 

Diphosphate-N-Acetyl-Muramyl-pentapeptide. J. Bacteriol. 110:26-34. Mengin-Lecreulx, D., B. Flouret, and J. 
van Heijenoort, 1982, Cytoplasmic steps of peptidoglycan synthesis in Escherichia coli. J. Bacteriol. 151: 
1109-1117. Mengin-Lecreulx, D., C Michaud, C. Richaud, D. Blanot and J. van Heijenoort, 1988, Incorporation of 
LL-diaminopimelic acid into peptidoglycan of Escherichia coli mutants lacking diaminopimelate epimerase 
encoded by dapF, J. Bacteriol. 170:2031-2039. Mengin-Lecreulx, D., C Parquet, L. Desviat, J. Pla, B. Flouret, J. 
Ayala and and J. van Heijenoort, 1989, Organization of the murE-murG region of Escherichia coli: 
Identification of the murD gene encoding the D-glutamic-acid-adding enzyme, J. Bacteriol. 171: 6126-6134. 
Mengin-Lecreulx, D. and J. van Heijenoort, 1990, Nucleotide sequence of the murD gene encoding the 
UDP-MurNAc-L-Ala-D-Glu synthetase of Escherichia coli. Nucleic Acids Research 18:183. Michaud, C. D. 
Blanot, B. Flouret, and J. van Heijenoort, 1987, Partial purification and specificity studies of the 
D-glutamate-adding and D-alanyl-D-alanine-adding enzymes from Escherichia coli K12. Eur. J. Biochem. 166: 
631-637. Michaud, C, C, Parquet, B. Flouret, D. Blanot, and J. van Heijenoort, 1990, Revised interpretation of 
the sequence containing the murE gene encoding the UDP-N-acetyl-muramyl-tripeptide synthetase of 
Escherichia coli. Biochem. J. 269:277-280. Nathenson, S. G., J. L. Strominger, and E. Ito, 1964, Enzymatic 
synthesis of the peptide in bacterial uridine nucleotides: purification and properties of D-Glutamic acid-adding 
enzyme, J. Biol. Chem. 239: 1773-1776. Parquet, C, D. Mengin-Lecreulx, B. Flouret, D. Mengin-Lecreulx, and J. 
van Heijenoort, 1989, Nucleotide sequence of the murF gene encoding the UDP-MurNAc-pentapeptide 
synthetase of Escherichia coli., Nucleic Acids Res. 17:5379. Pratviel-Sosa F, D. Mengin-Lecreulx and J. van 
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Heijenoort, 1991, Over-production, purification ond properties of the uridine diphosphate 
N-ace1ylmuramoyl-L-alanine:D-glutamate ligase from Escherichia coli. Eur. J. Biochem. 202 (3): 1169-1176. Roe, 
B. A., S. Clifton, AA. AAcShan and J. Ferretti. The Streptococcal genome sequencing project, University of 
Oklahoma, Oklahoma, USA. Rogers, H. J., H. R. Perkins, and J. B. Ward, 1980, Biosynthesis of peptidoglycan. p. 
239-297. In Microbial cell walls and membranes. Chapman A Hall Ltd. London. Sambrook, J., E. F. Fritch, and T. 
AAaniatis, 1989, Molecular cloning: a L, Laboratory Manual, 2nd edn. Cold Spring Harbor, N.Y.: Cold Spring 
Harbor Laboratory. Schleif er, K. H. and O. Kandler, 1972, Peptidoglycan types of bacterial cell walls and their 
taxonomic implications. Bacteriol. Review. 36:407-477. Tanner, M. E., S. Vaganay, van Heijenoort, J., and D. 
Blanot, 1996, Phosphinate Inhibitors of the D-Glutamic Acid-Adding Enzyme of Peptidoglycan Biosynthesis. J. 
Org. Chem. 61:1756-1760. Tao, J. S, and E. E., Ishiguro, 1989, Nucleotide sequence of the murE gene of 
Escherichia coli. Can. J. Microbiol. 35:1051-1054. 
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DOCUMENT-IDENTIFIER: US 6534278 Bl 
TITLE: Screening for antibiotics 

Brief Summary Text (18): 

The particular step of cell wall biosynthesis referred to above can be the enolpyruvyl transfer step, catalyzed 
by MurA or MurZ; the reduction of uridine diphosphate N-acetylenolpyruvylglucosamine catalyzed by MurB; 
the addition of L-alanine to uridine diphosphate-N-acetylmuramic acid catalyzed by MurC; the addition of 
D-glutamic acid to uridine diphosphate-N-acetylmuramic acid-L-alanine catalyzed by MurD; the addition of 
meso-diaminopimelate to uridine diphosphate-N-acetylmuramic acid-dipeptide catalyzed by MurE; the addition 
of D-alanyl-D-alanine to uridine diphosphate-N-acetylmuramic acid-tripeptide catalyzed by MurF; the 
racemization of L-alanine to D-alanine catalyzed by Ala racemose; the ligation of two molecules of D-alanine 
catalyzed by D-Ala:D-Ala ligase; the synthesis of lipid-linked N-acetylmuramic acid-pentapeptide catalyzed by 
MraY; the N-acetylglucosamine transfer step catalyzed by MurG; septum peptidoglycan synthesis catalyzed by 
the peptidoglycan transglycosylase-transpeptidase Ftsl; or septum peptidoglycan synthesis catalyzed by FtsW. 

Detailed Description Text (3): 

The new methods can be used, for example, for identifying inhibitors of cell wall biosynthesis. The screen can 
detect agents that inhibit the first committed step in cell wall biosynthesis, a phosphoenolpyruvyl (PEP) 
transferase reaction carried out by the MurA protein; the last step, transpeptidation carried out by penicillin 
binding proteins; or any other of the intermediate steps such as those carried out by MurB, MurC, MurD, 
MurE, MurF, Ala racemose, or Ddl, which are all known proteins involved in the cell wall biosynthetic pathway. 
The screen can also detect agents that inhibit other steps involved in or leading to cell wall biosynthesis that 
are not listed above, such as lipid carrier recycling steps. 

Detailed Description Text (33): 

FIG. 1 shows a general scheme of peptidoglycan synthesis. MurA and MurZ catalyze the first reaction, the 
transfer of enolpyruvate from phosphoenolpyruvate (PEP) to uridine diphosphate N-acetylglucosamine 
(UDP-GlcNAc) to form UDP-GIcNAc-enolpyruvate. The GlcNAc-enolpyruvate is then replaced with 
N-acetylmuramic acid (MurNAc) by MurB to generate UDP-MurNAc. L-Ala, D-Glu, and meso-diaminopimelic 
acid (A.sub.2 pm) are then added to form a UDP-MurNAc-tripeptide. In some bacteria, L-Lys is added in place 
of A.sub.2 pm. The additions of L-Ala, D-Glu, and A.sub.2 pm are catalyzed by MurC, MurD, and MurE, 
respectively. 

Detailed Description Text (47): 

Similarly, to screen for inhibition of the step catalyzed by MurC, a reaction mixture can be prepared 
containing adenosine triphosphate (ATP), D-cycloserine, UDP-MurNAc, .sup.14 C-L-alanine, the drug to be 
screened, and a cell extract. A buffer solution such as Tris-HCI pH 8.0 with salts (MnCl.sub.2, etc.) can also be 
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added (ibid.). After incubating the reaction mixture, the reaction can be quenched (e.g., by heating) and the 
mixture subjected to chromatography (e.g., HPLC, FPLC, TLC, flash chromatography, paper chromatography, 
etc.). Paper chromatography with 5:3 (v:v) isobutyric acid/1 M ammonia, for example, allows isolation of 
UDP-MurNAc-L-Ala. The incorporated radioactivity can be quantified and compared to a control sample (i.e., 
without the drug) to determine whether or not MurC has been inhibited by the drug. The less 
UDP-MurNAc-l-Ala that is detected, the greater the inhibition. 

Other Reference Publication (6): 

Ikeda et al., "Nucleotide sequence involving murG and murC in the mra gene cluster region of Escherichia coli," 
Nucleic Adds Researchl8(13):4014, 1990. 



CLAIMS: 



11. A method of claim 2, wherein the step of cell wall biosynthesis is the addition of L-alanine to uridine 
diphosphate-N-acetylmuramic acid catalyzed by MurC . 
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TITLE: MurC from Streptococcus pneumoniae 




Abstract Text (1): 

The invention provides MurC polypeptides and DNA (RNA) encoding MurC polypeptides and methods for 
producing such polypeptides by recombinant techniques. Also provided are methods for utilizing MurC 
polypeptides to screen for antibacterial compounds. 

Brief Summary Text (2): 

This invention relates to newly identified polynucleotides and polypeptides, and their production and uses, as 
well as their variants, agonists and antagonists, and their uses. In particular, in these and in other regards, the 
invention relates to novel polynucleotides and polypeptides of the MurC family, hereinafter referred to as 
" MurC ". 

Brief Summary Text (6): 

The enzyme UDP-N-acetylmuramate:L-alanine ligase, encoded by the gene MurC catalyzes the addition of the 
first amino acid (L-alanine) of the peptide moiety in peptidoglycan biosynthesis. L-alanine is added to 
UDP-N-acetyl muramate with the concomittant hydrolysis of ATP to yield UDP-N-acetylmuramyl-L-alanine, 
ADP and phosphate. The gene has been cloned and sequenced from Escherichia coli and the corresponding 
protein has been over-expressed, purified and kinetically characterized (Liger, D., Masson, A., Blanot, D., van 
Heijenoort, J. & Parquet, C, Eur. J. Biochem. 230, 80-87). The kinetic mechanism of this enzyme has been 
investigated.^lk>. X, Ervin, K. M.,Volk, K. S. & Ho, H. T. (1996) Biochemistry, 35, 1417-1422). The gene 
sequences of Mwc from Bacillus subtilis and Haemophilus inf luenzd€~are also known. 

Brief Summary Text (7): 

The discovery of a MurC homologue in the human pathogen Streptococcus pneumoniae will allow us to produce 
UDP-N-acetylmuramate:L-alanine ligase enzyme which can then be used to screen for novel antibiotics as 
described below. Inhibitors of this protein have utility in anti-bacterial therapy as they will prevent the 
construction of the bacterial cell wall. 



Brief Summary Text (9): 

The polypeptides of the invention have amino acid sequence homology to a known MurC from Bacillus subtilis 
protein (Senembl database accession number AF008220) < ^^ 

Brief Summary Text (11): 

It is an object of the invention to provide polypeptides that have been identified as novel MurC polypeptides 
by homology between the amino acid sequence set out in Table 1 [SEQ ID NO: 2] and a known amino acid 
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sequence or sequences of other proteins such as MurC from Bacillus subtilis protein. 
Brief Summary Text (12): 

It is a further object of the invention to provide polynucleotides that encode MurC polypeptides, particularly 
polynucleotides that encode the polypeptide herein designated MurC . 

Brief Summary Text (13): 

In a particularly preferred embodiment of the invention, the polynucleotide comprises a region encoding MurC 
polypeptides comprising the sequence set out in Table 1 [SBQ ID NO:l] which includes a full length gene, or a 
variant thereof. 



Brief Summary Text (14): 

In another particularly preferred embodiment of the invention, there is a novel MurC protein from 
Streptococcus pneumoniae comprising the amino acid sequence of Table 1 [SEQ ID NO:2], or a variant 
thereof. 



Brief Summary Text (16): 

As a further aspect of the invention, there are provided isolated nucleic acid molecules encoding MurC, 
particularly Streptococcus pneumoniae MurC, including mRNAs, cDNAs, genomic DNAs. Further embodiments 
of the invention include biologically, diagnostically, prophylactically, clinically or therapeutically useful variants 
thereof, and compositions comprising the same. 

Brief Summary Text (17): 

In accordance with another aspect of the invention, there is provided the use of a polynucleotide of the 
invention for therapeutic or prophylactic purposes, in particular genetic immunization. Among the particularly 
preferred embodiments of the invention are naturally occurring allelic variants of MurC and polypeptides 
encoded thereby. 

Brief Summary Text (18): 

As another aspect of the invention, there are provided novel polypeptides of Streptococcus pneumoniae 
referred to herein as MurC as well as biologically, diagnostically, prophylactically, clinically or therapeutically 
useful variants thereof, and compositions comprising the same. 

Brief Summary Text (19): 

Among the particularly preferred embodiments of the invention are variants of MurC polypeptide encoded by 
naturally occurring alleles of the MurC gene. 

Brief Summary Text (20): 

In a preferred embodiment of the invention, there are provided methods for producing the aforementioned 
MurC polypeptides. 



Brief Summary Text (22): 

In accordance with certain preferred embodiments of the invention, there are provided products, 
compositions and methods for assessing MurC expression, treating disease, for example, otitis media, 
conjunctivitis, pneumonia, bacteremia, meningitis, sinusitis, pleural empyema and endocarditis, and most 
particularly meningitis, such as for example infection of cerebrospinal fluid, assaying genetic variation, and 
administering a MurC polypeptide or polynucleotide to an organism to raise an immunological response against a 
bacteria, especially a Streptococcus pneumoniae bacteria 



Brief Summary Text (23): 
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In accordance with certain preferred embodiments of this and other aspects of the invention, there are 
provided polynucleotides that hybridize to MurC polynucleotide sequences, particularly under stringent 
conditions. 

Brief Summary Text (24): 

In certain preferred embodiments of the invention, there are provided antibodies against MurC polypeptides. 
Brief Summary Text (26): 

In accordance with yet another aspect of the invention, there are provided MurC agonists and antagonists, 
preferably bacteriostatic or bactericidal agonists and antagonists. 

Brief Summary Text (27): 

In a further aspect of the invention, there are provided compositions comprising a MurC polynucleotide or a 
MurC polypeptide for administration to a cell or to a multicellular organism. 

Brief Summary Text (37): 

The invention relates to novel MurC polypeptides and polynucleotides as described in greater detail below. In 
particular, the invention relates to polypeptides and polynucleotides of a novel MurC of Streptococcus 
pneumoniae, which is related by amino acid sequence homology to MurC from Bacillus subtilis polypeptide. The 
invention relates especially to MurC having the nucleotide and amino acid sequences set out in Table 1 [SEQ ID 
NO: 1] and Table 1 [SEQ ID NO: 2] respectively, and to the MurC nucleotide sequences of the DNA in the 
deposited strain and amino acid sequences encoded thereby. 

Brief Summary Text (44): 

The polypeptides of the invention include the polypeptide of Table 1 [SEQ ID NO:2] (in particular the mature 
polypeptide) as well as polypeptides and fragments, particularly those which have the biological activity of 
MurC, and also those which have at least 70% identity to a polypeptide of Table 1 [SEQ ID NOS:2 and 4] or 
the relevant portion, preferably at least 80% identity to a polypeptide of Table 1 [SEQ ID NOS:2 and 4], and 
more preferably at least 90% similarity (more preferably at least 90% identity) to a polypeptide of Table 1 
[SEQ ID NOS:2 and 4] and still more preferably at least 95% similarity (still more preferably at least 95% 
identity) to a polypeptide of Table 1 [SEQ ID NOS:2 and 4] and also include portions of such polypeptides with 
such portion of the polypeptide generally containing at least 30 amino acids and more preferably at least 50 
amino acids. 

Brief Summary Text (46): 

A fragment is a variant polypeptide having an amino acid sequence that entirely is the same as part but not all 
of the amino acid sequence of the aforementioned polypeptides. As with MurC polypeptides fragments may be 
"free-standing," or comprised within a larger polypeptide of which they form a part or region, most preferably 
as a single continuous region, a single larger polypeptide. 

Brief Summary Text (48): 

Also preferred are biologically active fragments which are those fragments that mediate activities of MurC, 
including those with a similar activity or an improved activity, or with a decreased undesirable activity. Also 
included are those fragments that are antigenic or immunogenic in an animal, especially in a human. Particularly 
preferred are fragments comprising receptors or domains of enzymes that confer a function essential for 
viability of Streptococcus pneumoniae or the ability to initiate, or maintain cause disease in an individual, 
particularly a human. 

Brief Summary Text (51): 

Another aspect of the invention relates to isolated polynucleotides, including the full length gene, that encode 
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the MurC polypeptide having a deduced amino acid sequence of Table 1 [SEQ ID NOS:2 and 4] and 
polynucleotides closely related thereto and variants thereof. 



Brief Summary Text (52): 

Using the information provided herein, such as a polynucleotide sequence set out in Table 1 [SEQ ID NOS: 1 
and 3], a polynucleotide of the invention encoding MurC polypeptide may be obtained using standard cloning and 
screening methods, such as those for cloning and sequencing chromosomal DNA fragments from bacteria using 
Streptococcus pneumoniae 0100993 cells as starting material, followed by obtaining a full length clone. For 
example, to obtain a polynucleotide sequence of the invention, such as a sequence given in Table 1 [SEQ ID 
NOS:l and 3], typically a library of clones of chromosomal DNA of Streptococcus pneumoniae 0100993 in 
E.coli or some other suitable host is probed with a radiolabeled oligonucleotide, preferably a 17-mer or longer, 
derived from a partial sequence. Clones carrying DNA identical to that of the probe can then be distinguished 
using stringent conditions. By sequencing the individual clones thus identified with sequencing primers designed 
from the original sequence it is then possible to extend the sequence in both directions to determine the full 
gene sequence. Conveniently, such sequencing is performed using denatured double stranded DNA prepared 
from a plasmid clone. Suitable techniques are described by Maniatis, T., Fritsch, E. F. and Sambrook et al. # 
MOLECULAR CLONING, A LABORATORY MANUAL, 2nd Ed.; Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, New York (1989). (see in particular Screening By Hybridization 1.90 and Sequencing Denatured 
Double-Stranded DNA Templates 13.70). Illustrative of the invention, the polynucleotide set out in Table 1 
[SEQ ID NO:l] was discovered in a DNA library derived from Streptococcus pneumoniae 0100993. 



Brief Summary Text (54): 

MurC of the invention is structurally related to other proteins of the MurC family, as shown by the results of 
sequencing the DNA encoding MurC of the deposited strain. The protein exhibits greatest homology to MurC 
from Bacillus subtilis protein among known proteins. MurC of Table 1 [SEQ ID NO:2] has about 54% identity 
over its entire length and about 71% similarity over its entire length with the amino acid sequence of MurC 
from Bacillus subtilis polypeptide. 



Brief Summary Text (56): 

A preferred embodiment of the invention is a polynucleotide of comprising nucleotide 396 to 1727 or 1728 set 
forth in SEQ ID NO:l of Table 1 which encode the MurC polypeptide. 

Brief Summary Text (58): 

The term "polynucleotide encoding a polypeptide" as used herein encompasses polynucleotides that include a 
sequence encoding a polypeptide of the invention, particularly a bacterial polypeptide and more particularly a 
polypeptide of the Streptococcus pneumoniae MurC having the amino acid sequence set out in Table 1 [SEQ ID 
NO:2]. The term also encompasses polynucleotides that include a single continuous region or discontinuous 
regions encoding the polypeptide (for example, interrupted by integrated phage or an insertion sequence or 
editing) together with additional regions, that also may contain coding and/or non-coding sequences. 

Brief Summary Text (60): 

Further particularly preferred embodiments are polynucleotides encoding MurC variants, that have the amino 
acid sequence of MurC polypeptide of Table 1 [SEQ ID NO:2] in which several, a few, 5 to 10, 1 to 5, 1 to 3, 2, 
1 or no amino acid residues are substituted, deleted or added, in any combination. Especially preferred among 
these are silent substitutions, additions and deletions, that do not alter the properties and activities of MurC . 



Brief Summary Text (61): 

Further preferred embodiments of the invention are polynucleotides that are at least 70% identical over their 
entire length to a polynucleotide encoding MurC polypeptide having an amino acid sequence set out in Table 1 
[SEQ ID NOS:2 and 4], and polynucleotides that are complementary to such polynucleotides. Alternatively, 



4 of 11 



7/14/03 8:51 AM 



Record Display Form 



ttp://westbrs:8CK)2/biri/gate.exe?f=^ 



most highly preferred are polynucleotides that comprise a region that is at least 80% identical over its entire 
length to a polynucleotide encoding MurC polypeptide of the deposited strain and polynucleotides 
complementary thereto. In this regard, polynucleotides at least 90% identical over their entire length to the 
same are particularly preferred, and among these particularly preferred polynucleotides, those with at least 
95% are especially preferred. Furthermore, those with at least 97% are highly preferred among those with at 
least 95%, and among these those with at least 98% and at least 99% are particularly highly preferred, with 
at least 99% being the more preferred. 

Brief Summary Text (65): 

As discussed additionally herein regarding polynucleotide assays of the invention, for instance, polynucleotides 
of the invention as discussed above, may be used as a hybridization probe for RNA, cDNA and genomic DNA to 
isolate full-length cDNAs and genomic clones encoding MurC and to isolate cDNA and genomic clones of other 
genes that have a high sequence similarity to the MurC gene. Such probes generally will comprise at least 15 
bases. Preferably, such probes will have at least 30 bases and may have at least 50 bases. Particularly 
preferred probes will have at least 30 bases and will have 50 bases or less. 

Brief Summary Text (66): 

For example, the coding region of the MurC gene may be isolated by screening using the DNA sequence 
provided in SEQ ID NO: 1 to synthesize an oligonucleotide probe. A labeled oligonucleotide having a sequence 
complementary to that of a gene of the invention is then used to screen a library of cDNA, genomic DNA or 
mRNA to determine which members of the library the probe hybridizes to. 

Brief Summary Text (80): 

This invention is also related to the use of the MurC polynucleotides of the invention for use as diagnostic 
reagents. Detection of MurC in a eukaryote, particularly a mammal, and especially a human, will provide a 
diagnostic method for diagnosis of a disease. Eukaryotes (herein also "individual(s)"), particularly mammals, and 
especially humans, particularly those infected or suspected to be infected with an organism comprising the 
MurC gene may be detected at the nucleic acid level by a variety of techniques. 

Brief Summary Text (81): 

Nucleic acids for diagnosis may be obtained from an infected individual's cells and tissues, such as bone, blood, 
muscle, cartilage, and slin. Genomic DNA may be used directly for detection or may be amplified enzymatically. 
by using PCR or other amplification technique prior to analysis. RNA or cDNA may also be used in the same 
ways. Using amplification, characterization of the species and strain of prokaryote present in an individual, may 
be made by an analysis of the genotype of the prokaryote gene. Deletions and insertions can be detected by a 
change in size of the amplified product in comparison to the genotype of a reference sequence. Point mutations 
can be identified by hybridizing amplified DNA to labeled MurC polynucleotide sequences. Perfectly matched 
sequences can be distinguished from mismatched duplexes by RNase digestion or by differences in melting 
temperatures. DNA sequence differences may also be detected by alterations in the electrophoretic mobility 
of the DNA fragments in gels, with or without denaturing agents, or by direct DNA sequencing. See, e.g. 
Myers et al., Science, 230: 1242 (1985). Sequence changes at specific locations also may be revealed by 
nuclease protection assays, such as RNase and SI protection or a chemical cleavage method. See, e.g. Cotton et 
al., Proc. Natl. Acad. Sci., USA, 85:43974401 (1985). 

Brief Summary Text (82): 

Cells carrying mutations or polymorphisms in the gene of the invention may also be detected at the DNA level 
by a variety of techniques, to allow for serotyping, for example. For example, RT-PCR can be used to detect 
mutations. It is particularly preferred to used RT-PCR in conjunction with automated detection systems, such 
as, for example, GeneScan. RNA or cDNA may also be used for the same purpose, PCR or RT-PCR. As an 
example, PCR primers complementary to a nucleic acid encoding MurC can be used to identify and analyze 
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mutations. Examples of representative primers are shown below in Table 2. 
Brief Summary Text (83): 

The invention further provides these primers with 1, 2, 3 or 4 nucleotides removed from the 5' and/or the 3* 
end. These primers may be used for, among other things, amplifying MurC DNA isolated from a sample derived 
from an individual. The primers may be used to amplify the gene isolated from an infected individual such that 
the gene may then be subject to various techniques for elucidation of the DNA sequence. In this way, 
mutations in the DNA sequence may be detected and used to diagnose infection and to serotype and/or 
classify the infectious agent. 

Brief Summary Text (84): 

The invention further provides a process for diagnosing, disease, preferably bacterial infections, more 
preferably infections by Streptococcus pneumoniae, and most preferably otitis media, conjunctivitis, 
pneumonia, bacteremia, meningitis, sinusitis, pleural empyema and endocarditis, and most particularly 
meningitis, such as for example infection of cerebrospinal fluid, comprising determining from a sample derived 
from an individual a increased level of expression of polynucleotide having the sequence of Table 1 [SEQ ID 
NO: l]. Increased or decreased expression of MurC polynucleotide can be measured using any on of the 
methods well known in the art for the quantitation of polynudeotides, such as, for example, amplification, PCR, 
RT-PCR, RNase protection, Northern blotting and other hybridization methods. 

Brief Summary Text (85): 

In addition, a diagnostic assay in accordance with the invention for detecting over-expression of MurC protein 
compared to normal control tissue samples may be used to detect the presence of an infection, for example. 
Assay techniques that can be used to determine levels of a MurC protein, in a sample derived from a host are 
well-known to those of skill in the art. Such assay methods include radioimmunoassays, competitive-binding 
assays, Western Blot analysis and ELISA assays. 

Brief Summary Text (90): 

Alternatively phage display technology may be utilized to select antibody genes with binding activities towards 
the polypeptide either from repertoires of PCR amplified v-genes of lymphocytes from humans screened for 
possessing anti -MurC or from naive libraries (McCaf f erty, J. et al., (1990), Nature 348, 552-554; Marks, J. et 
al., (1992) Biotechnology 10, 779-783). The af f mity of these antibodies can also be improved by chain shuffling 
(Clackson, T. et al., (1991) Nature 352, 624-628): 

Brief Summary Text (93): 

Thus, among others, antibodies against MurC-polypeptide may be employed to treat infections, particularly 
bacterial infections and especially otitis media, conjunctivitis, pneumonia, bacteremia, meningitis, sinusitis, 
pleural empyema and endocarditis, and most particularly meningitis, such as for example infection of 
cerebrospinal fluid. 

Brief Summary Text (100): 

The invention also provides a method of screening compounds to identify those which enhance (agonist) or 
block (antagonist) the action of MurC polypeptides or polynucleotides, particularly those compounds that are 
bacteriostatic and/or bactericidal. The method of screening may involve high-tbroughput techniques. For 
example, to screen for agonists or antagonists, a synthetic reaction mix, a cellular compartment, such as a 
membrane, cell envelope or cell wall, or a preparation of any thereof, comprising MurC polypeptide and a 
labeled substrate or ligand of such polypeptide is incubated in the absence or the presence of a candidate 
molecule that may be a MurC agonist or antagonist. The ability of the candidate molecule to agonize or 
antagonize the MurC polypeptide is reflected in decreased binding of the labeled ligand or decreased 
production of product from such substrate. Molecules that bind gratuitously, i.e., without inducing the effects 
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of MurC polypeptide are most likely to be good antagonists. Molecules that bind well and increase the rate of 
product production from substrate are agonists. Detection of the rate or level of production of product from 
substrate may be enhanced by using a reporter system. Reporter systems that may be useful in this regard 
include but are not limited to colorimetric labeled substrate converted into product, a reporter gene that is 
responsive to changes in MurC polynucleotide or polypeptide activity, and binding assays known in the art. 

Brief Summary Text (101): 

Another example of an assay for MurC antagonists is a competitive assay that combines MurC and a potential 
antagonist with MurC -bindinq molecules, recombinant MurC binding molecules, natural substrates or ligands, or 
substrate or ligand mimetics, under appropriate conditions for a competitive inhibition assay. The MurC 
molecule can be labeled, such as by radioactivity or a calorimetric compound, such that the number of MurC 
molecules bound to a binding molecule or converted to product can be determined accurately to assess the 
effectiveness of the potential antagonist. 

Brief Summary Text (102): 

Potential antagonists include small organic molecules, peptides, polypeptides and antibodies that bind to a 
polynucleotide or polypeptide of the invention and thereby inhibit or extinguish its activity. Potential 
antagonists also may be small organic molecules, a peptide, a polypeptide such as a closely related protein or 
antibody that binds the same sites on a binding molecule, such as a binding molecule, without inducing 
MurC -induced activities, thereby preventing the action of MurC by excluding MurC from binding. 

Brief Summary Text (103): 

Potential antagonists include a small molecule that binds to and occupies the binding site FL of the polypeptide 
thereby preventing binding to cellular binding molecules, such that normal biological activity is prevented. 
Examples of small molecules include but are not limited to small organic molecules, peptides or peptide-like 
molecules. Other potential antagonists include antisense molecules (see Okano, J. Neurochem. 56: 560 (1991); 
OLIGODEOXYNUCLEOTIDES AS ANTISENSE INHIBITORS OF GENE EXPRESSION, CRC Press, Boca 
Raton, Fla. (1988), for a description of these molecules). Preferred potential antagonists include compounds 
related to and variants of MurC . 

Brief Summary Text (105): 

The invention also provides the use of the polypeptide, polynucleotide or inhibitor of the invention to interfere 
with the initial physical interaction between a pathogen and mammalian host responsible for sequelae of 
infection. In particular the molecules of the invention may be used: in the prevention of adhesion of bacteria, 
in particular gram positive bacteria, to mammalian extracellular matrix proteins on in-dwelling devices or to 
extracellular matrix proteins in wounds; to block MurC protein-mediated mammalian cell invasion by, for 
example, initiating phosphorylation of mammalian tyrosine kinases (Rosenshine et al., Infect. Immun. 60:2211 
(1992); to block bacterial adhesion between mammalian extracellular matrix proteins and bacterial MurC 
proteins that mediate tissue damage and; to block the normal progression of pathogenesis in infections 
initiated other than by the implantation of in-dwelling devices or by other surgical techniques. 

Brief Summary Text (107): 

It has been shown that E. coli MurC enzyme catalyzes the addition of L-alanine to the peptide moiety of the 
peptidoglycan precursor with the concommitant hydrolysis of ATP and the release of inorganic phosphate. 

Brief Summary Text (108): 

In a preferred embodiment, Ut)P-N-acetylmuramate is incubated with L-alanine and ATP in the presence of 
MurC protein to generate phosphate which can be measured calorimetrically using a suitably sensitive 
procedure such as the Malachite Green method (Itaya,K. A Ui,M. Clin.Chim.Acta 14,361-366 [1966]). The 
decrease of enzymatic activity in this reaction would indicate the presence of an inhibitor. 
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Brief Summary Text (110): 

Helicobacter pylori (herein H. pylori) bacteria infect the stomachs of over one-third of the world's population 
causing stomach cancer, ulcers, and gastritis (International Agency for Research on Cancer (1994) 
Schistosomes, Liver Flukes and Helicobacter Pylori (International Agency for Research on Cancer , Lyon, 
France: http://www.uicc.ch/ecp/ecp2904.htm). Moreover, the international Agency for Research on Cancer 
recently recognized a cause-and-effect effect relationship between H. pylori and gastric adenocarcinoma, 
classifying the bacterium as a Group I (definite) carcinogen. Preferred antimicrobial compounds of the 
invention (agonists and antagonists of MurC ) found using screens provided by the invention, particularly 
broad-spectrum antibiotics, should be useful in the treatment of H. pylori infection. Such treatment should 
decrease the advent of H. pylori-induced cancers, such as gastrointestinal carcinoma. Such treatment should 
also cure gastric ulcers and gastritis. 

Brief Summary Text (112): 

Another aspect of the invention relates to a method for inducing an immunological response in an individual, 
particularly a mammal which comprises inoculating the individual with MurC, or a fragment or variant thereof, 
adequate to produce antibody and/or T cell immune response to protect said individual from infection, 
particularly bacterial infection and most particularly Streptococcus pneumoniae infection. Also provided are 
methods whereby such immunological response slows bacterial replication. Yet another aspect of the invention 
relates to a method of inducing immunological response in an individual which comprises delivering to such 
individual a nucleic acid vector to direct expression of MurC, or a fragment or a variant thereof, for 
expressing MurC, or a fragment or a variant thereof in vivo in order to induce an immunological response, such 
as, to produce antibody and/or T cell immune response, including, for example, cytokine-producing T cells or 
cytotoxic T cells, to protect said individual from disease, whether that disease is already established within 
the individual or not. One way of administering the gene is by accelerating it into the desired cells as a coating 
on particles or otherwise. 

Brief Summary Text (114): 

A further aspect of the invention relates to an immunological composition which, when introduced into an 
individual capable or having induced within it an immunological response, induces an immunological response in 
such individual to a MurC or protein coded therefrom, wherein the composition comprises a recombinant MurC 
or protein coded therefrom comprising DNA which codes for and expresses an antigen of said MurC or protein - 
coded therefrom. The immunological response may be used therapeutically or prophylactically and may take 
the form of antibody immunity or cellular immunity such as that arising from CTL or CD4+ T cells. 

Brief Summary Text (115): 

A MurC polypeptide or a fragment thereof may be fused with co-protein which may not by itself produce 
antibodies, but is capable of stabilizing the first protein and producing a fused protein which will have 
immunogenic and protective properties. Thus fused recombinant protein, preferably further comprises an 
antigenic co-protein, such as lipoprotein D from Hemophilus influenzae, Glutathione-S-transf erase (GST) or 
beta-galactosidase, relatively large co-proteins which solubilize the protein and facilitate production and 
purification thereof. Moreover, the co-protein may act as an adjuvant in the sense of providing a generalized 
stimulation of the immune system. The co-protein may be attached to either the amino or carboxy terminus of 
the first protein. 

Brief Summary Text (120): 

While the invention has been described with reference to certain MurC protein, it is to be understood that 
this covers fragments of the naturally occurring protein and similar proteins with additions, deletions or 
substitutions which do not substantially affect the immunogenic properties of the recombinant protein. 
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Brief Summary Paragraph Toble (1): 

TABLE 1 MurC Polynucleotide and Polypeptide Sequences (A) Sequences from Streptococcus pneumoniae MurC 
polynucleotide sequence [SEQ ID NO:l]. 5'-l CTATGCGGAG GTGGCGCGTG AAGAAGCGCG JGCGGACJ1G 
AAAAAGAAAC 51 GCTCTGCTAA CTACCTAACT CAGGATTTCA GCCTTGCGAG ACGJCATTC1 101 CAGCCCAGTC 
TAGTTAGACA GGGCAATCAA CCGACAACTC CTTTCCAAAA 151 GGAAAATCCT GGTGAATJTG JCAAATATAG 
CCAAAAATTG ACCCAGTCTC 201 ATTATATCTT GGCGGAAGAA GTTCATTCTA TCCCTACCAA GAATGAAGAA 
251 GTGTCAGCAC C1GCTCCAAA GAAAAACAAT TATGATTTTC TAAAGAAGAG 301 CCAAATCTAC 
AATAAAAAAA GTAAACAAAC AGAACAAGAA CGTCGGGTTG 351 CCCAAGAGTT GAATCTGACC AGAATGACAG 
AATAGGGGAG AAAACATGTC 401 AAAGACATAT CATTTTAJCG GAATTAAGGG ATCAGGGATG AGTGCCTTGG 
451 CCTTGA1GTT GCACCAGATG GGGCACAAGG TTCAGGGATC AGAJGTTGAA 501 AAGTACTACT 
TTACCCAACG CGGTCTTGAG CAGGCAGGAA TTACCATJCT 551 TCCTTTTGAT GAAAAGAAJC TAGACGGTGA 
TAT6GAAATT ATCGCTGGAA 601 ATGCCTTTCG TCCAGATAAC AACGTCGAAA TTGCCTATGC GGACCAAAAT 
651 GGTATCAGCT ACAAACGTTA CCAJGAGTTT CTAGGTAGCT TTAJGCGTGA 701 CTTYGTTAGC 
ATGGGAGTAG CAGGAGCACA TGGAAAAACT TCAACGACAG 751 GTATGTTGTC TCATGTCTTG TCJCACATTA 
CAGATACCAG CTTCTTGATT 801 GGAGATGGGA CAGGTCGJGG TTCGGCCAAJ GCCAAATATT TT&TCTTTGA 
851 ATCTGACGAA TATGAGCGTC ACTTCATGCC TYACCACCCA GAATACTCTA 901 TTATCACCAA 
CATTGACTTT GACCATCCAG A TTATTTC AC AAGTCTCGAG 951 GATGTTTTCA AJGCCTTTAA CGACTATGCC 
AAACAAATYA CCAAGGGTCT 1001 TTTT6TCTAT GGTGAAGATG CTGAATYGCG TAAGATTACG TCTGATGCAC 
1051 CAATTTATTA TTATGGTTTT GAAGCTGAAG GCAATGACTT TGTAGCTAGT 1101 GATCJTCTTC 
GTTCAACAAC TGGTTCAACC TJCACCGTTC ATTTCCGJGG 1151 ACAAAACTTG GGGCAAJJCC ACATTCCAAC 
CTTTGGTCGT CACAATATCA 1201 TGAATGCGAC AGCCGTTAJT GGTCTTCTTT ACACAGCAGG ATTYGATTTG 
1251 AACTTGGJGC GJGAGCACTT GAAAACAJTY GCCGGTGTTA A ACGTCG JTT 1301 CACJGAGAAA 
ATTGTCAATG ATACAGTGAT TATTGATGAC JTTGCCCATC 1351 ATCCAACAGA AATTATJGCG ACCTTGGATG 
CGGCTCGTCA GAAATACCCA 1401 AGCAAGGAAA TTGTAGCAGT CTTTCAACCG CATACCTTTA CAAGAACCAJ 
1451 TGCCCTGTTG GACGACTYTG CCCATGCTTJ AAACCAAGCA GAJGCTGTTT 1501 ATCTAGCGCA 
AATTYATGGC TCGGC1CG1G AAGTAGATCA TGGTGACGTT 1551 AAGGTAGAAG ACCTAGCCAA JAAAA1CAAC 
AAAAAACACC AAGTGATTAC 1601 TGTTGAAAAT GTTTCTCCAC TCCTAGACCA TGACAATGCT GTTTACGTCT 
1651 TVATGGGAGC AGGAGACATC CAAACCTATG AATACTCATT TGAGCGTCTC 1701 TTGTCTAACT 
1GACAAGCAA TGTTCAATAG GAJGTTCCCA TGGAAATTCC 1751 AATTAA&ATC ATTCAGGCAA GCAAGTTTGA 
TTTGCCTGAG ATAGGGGCAC 1801 TTCAAACCTC GTCTTTTCCA GCTGAAAAGC AGCAACTTTC CCAJATTTTA 
1851 GAAAAAAGTA TCCGTAAGTG TGCGGATACC TTTCTCCTAG CTAGGGAJGA 1901 AAATCAACTT 
TTAGGCTATA TTTTATCAAG TCCCCAGTCA GACAATCCGC 1951 AATGTCTAAA AGTACATTCT TTAGTCATCG 
-AGTCTGACCA TCAGAGACAG 2001 GGCCTGGGAA CACTTCTJCT TGCAGCCTTG AAAGAGGTGG CAGTVGAGCT 
2051 GGATTACAAA GGGATTCGTT TGGAGAGTCC TGATGAGCTG CTTTCCTATT 2101 TTGAAATSAA 
CGGTTTTGTT GATGAAGAAG AAACTTTGCT CTATGTAACT 2151 AGCCAGGGCT ATAGTATGAT TTSSTTTAAT 
CCCTTTTATC 1GGAGGAACA 2201 ATGAAAATCA GACAAGCAAG ATTAGAAGAT TTGGATCGGA 
TJGTTGAACJ 2251 TGAATTTGAA AATTTTTCGG JCGAAGAAGC CATTCCTCCT TCTGTCTTTG 2301 
AAGCACATTT GAGAGAAATT CAGACCTCTT TTCTGGTTGC TGAAAAAGAA 2351 GGAAGAATCA 
TGGGTTATAT CGAAGGACCA GTTGGCCTGC ACCGCCATCT 2401 GCAAGACCAG TCTTTTACAG AAGAAATAAA 
AGACTAJAGT CATGAGCCTG 2451 GTGCTAATAT ATTTGJGACC TGTCTGTCTA TAGCCAAGGA GGCACAGGGA 
2501 TTCGGACTGG GTCAGAAATT GCTGACAGCC TTGAAAGAAG TTGCTCTTGA 2551 AGA1GAGAGA 
GATGGCATTA ATCTAACCTG TCATGACTAT CTCATCGCCT 2601 ATTATGAAAA ACATGGATYT GTCAACGAAG 
GCCAGTCCCA GTCAACCTTT 2651 GCAGGGGAAA CATGGTATGA TATGGTCTGG GAAATGAAAA 
AATAAGTTAG 2701 GAAAAGTATC ATAAA-3' (B) MurC polypeptide sequence deduced from the 
polynucleotide sequence in this table [SEQ ID NO:2]. NH.sub.2 -1 MSKTYHFIGI KGSGMSALAL 
MLHQMGHKVQ GSDVEKYYFT QRGLEQAGIT 51 ILPFDEKNLD 6DMEIIAGNA FRPDNNVEIA YADQNGISYK 
RYHEFLGSFM 101 RDFVSMGVAG AHGKTSTTGM LSHVLSHITD TSFLIGDGTG RGSANAKYFV 151 
FESDEYERHF MPYHPEYSII TNIDFDHPDY FTSLEDVFNA FNDYAKQITK 201 GLFVYGEDAE LRKITSDAPI 
YYYGFEAEGN DFVASDLLRS TTGSTFTVHF 251 RGQNLGQFHI PTFGRHNIMN ATAVIGLLYT AGFDLNLVRE 
HLKTFAGVKR 301 RFTEKIVNDT VIIDDFAHHP TEIIATLDAA RQKYPSKEIV AVFQPHTFTR 351 TTALLDDFAH 
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ALNQADAVYL AQIYGSAREV DHGDVKVEDL ANKINKKHQV 401 ITVENVSPLL DHDNAVYVFAA GAGDIQTYEY 
SFERLLSNLT SNVQ-COOH (C) Polynucleotide sequence embodiments [SEQ ID NO:l]. X-(R.sub.l).sub.n -1 
CTATGCGGAG GTGGCGCGTG AAGAAGCGCG TGCGGACTTG AAAAAGAAAC 51 GCTCTGCTAA CTACCTAACT 
CAGGATTTCA GCCTVGCGAG ACGJCATTCJ 101 CAGCCCAGTC TAGTTAGACA GGGCAAJCAA CCGACAACTC 
CTTTCCAAAA 151 GGAAAATCCT GGTGAATTTG TCAAATATAG CCAAAAATTG ACCCAGTCTC 201 
ATTATATCTT GGCGGAAGAA GTTCATTCTA TCCCTACCAA GAAJGAAGAA 251 GTGTCAGCAC CJGCTCCAAA 
GAAAAACAAT TATGATTTTC 1AAAGAAGAG 301 CCAAATCTAC AATAAAAAAA GTAAACAAAC 
AGAACAAGAA CGTCGGGTTG 351 CCCAAGAGJT GAATCTGACC AGAATGACAG AATAGGGGAG AAAACATGTC 
401 AAAGACATAT CATTTTATCG GAATTAAGGG ATCAGGGATG AGTGCCTTGG 451 CCTTGATGTT 
GCACCAGATG GGGCACAAGG TTCAGGGATC AGATGTTGAA 501 AAGTACTACT JTACCCAACG CGG1CTTGAG 
CAGGCAGGAA TJACCATJCT 551 TCCTTJJGAT GAAAAGAATC TAGACGGTGA TATGGAAATT ATCGCTGGAA 
601 ATGCCTTTCG TCCAGATAAC AACGJCGAAA J1GCCTATGC GGACCAAAA1 651 GGTATCAGCT 
ACAAACGTTA CCATGAGTTT CTAGGTAGCT TTATGCGTGA 701 CTTTGTTAGC ATGGGAGTAG CAGGAGCACA 
1GGAAAAACJ TCAACGACAG 751 GTATGTTGTC TCAJGJCTTG TCTCACATTA CAGATACCAG CTTCTTGATT 
801 GGAGATGGGA CAGG1CGJGG TTCGGCCAAT GCCAAAJATT TTGTCTTTGA 851 ATCTGACGAA 
TATGAGCGTC ACTTCATGCC TTACCACCCA GAATACTCTA 901 TTATCACCAA CATTGACTTT GACCATCCAG 
ATYATTTCAC AAGTCTCGAG 951 GATGTYTTCA AJGCCTTJAA CGACTATGCC AAACAAATTA CCAAGGGTCT 
1001 TTTTGTCTAT GGJGAAGATG CTGAATTGCG TAAGATTACG TCTGATGCAC 1051 CAATTTATTA 
TTATGGTTTT GAAGCTGAAG GCAATGACTY TGTAGCTAGT 1101 GA1CTTCTTC GTTCAACAAC TGGTTCAACC 
TYCACCGTTC ATTTCCGTGG 1151 ACAAAACJTG GGGCAAUCC ACAUCCAAC CJTTGGTCGT CACAATATCA 
1201 TGAATGCGAC AGCCGTTATV GGTCTTCTTT ACACAGCAGG ATTTGATTTG 1251 AACTTGGTGC 
GTGAGCACTT GAAAACAJTT GCCGGTGTTA AACGJCGTTJ 1301 CACTGAGAAA ATTGTCAATG ATACAGTGAT 
TATTGATGAC TTTGCCCATC 1351 ATCCAACAGA AATTATTGCG ACCTTGGATG CGGC1CG1CA GAAATACCCA 
1401 AGCAAGGAAA TTGTAGCAGT CTTTCAACCG CATACCTTTA CAAGAACCAT 1451 JGCCCTGTTG 
GACGACTTJG CCCATGCTTT AAACCAAGCA GATGCTGTTT 1501 AJCTAGCGCA AATVXATGGC TCGGCTCGTG 
AAGTAGATCA TGGTGACGTT 1551 AAGGTAGAAG ACCTAGCCAA TAAAATCAAC AAAAAACACC 
AAGTGATTAC 1601 TGTTGAAAAT GTTTCTCCAC TCCTAGACCA TGACAATGCT GTTTACGTCT 1651 
TTATGGGAGC AGGAGACATC CAAACCTATG AATACTCATT TGAGCGTCTC 1701 TTGTCTAACT JGACAAGCAA 
TGTTCAAJAG GAJGTTCCCA TGGAAATTCC 1751 AATTAAGATC AJTCAGGCAA GCAAGTTTGA TTTGCCTGAG 
ATAGGGGCAC 1801 TTCAAACCTC GTCTTTTCCA GCTGAAAAGC AGCAACTTTC CCATATTTTA 1851 
GAAAAAAGTA TCCGTAAGTG TGCGGATACC TTTCTCCTAG CTAGGGATGA 1901 AAATCAACTT TTAGGCTATA 
TTTTATCAAG TCCCCAGTCA GACAATCCGC 1951 AATSTCTAAA AGTACATTCJ TTAGTCATCG AGTCTGACCA 
TCAGAGACAG 2001 G6CCTGGGAA CACTTCTTCT TGCAGCCTTG AAAGAGGTGG CAGTTGAGCT 2051 
GGATTACAAA GGGATTCGTT TGGAGAGTCC TGATGAGCTG CTTTCCTATT 2101 TTSAAATSAA CSGTTTTSTT 
GAJGAAGAAG AAACTTYGCT CTATGTAACT 2151 AGCCAGGGCT ATAGTATSAT TTGGTTTAAT CCCTTTJATC 
TGGAGGAACA 2201 ATGAAAATCA GACAAGCAAG ATTAGAAGAT TJGGATCGGA TTGTTGAACT 2251 
TGAATTTGAA AA I I I I ICGG JCGAAGAAGC CATTCCJCCT TCTGTCTTTG 2301 AAGCACATTT GAGAGAAATT 
CAGACCTCTJ TTCTGGTTGC TGAAAAAGAA 2351 GGAAGAAJCA TGGGTTATAT CGAAGGACCA GTTGGCCTGC 
ACCGCCATCT 2401 GCAAGACCAG TCTTTTACAG AAGAAATAAA AGACTATAGT CATGAGCCTG 2451 
GTGCTAATAT ATTTGTGACC TGTCTGTCTA TAGCCAAGGA GGCACAGGGA 2501 TTCGGACJGG GTCAGAAATT 
GCTGACAGCC TTGAAAGAAG TTGCTCTTGA 2551 AGATGAGAGA GATGGCATTA AJCTAACCTG 
TCATGACTAT CTCATCGCCT 2601 ATTATGAAAA ACA1GGATYT GTCAACGAAG GCCAG1CCCA GTCAACCTYT 
2651 GCAGGGGAAA CATGGTATGA TATGGTCTGG GAAATGAAAA AATAAGTTAG 2701 GAAAAGTATC 
ATAAA-(R.sub.2).sub.n -Y (D) Polypeptide sequence embodiments [SEQ ID NO:2]. X-(ft.sub.l).sub.n -1 
MSKTYHFIGI KGSGAASALAL MLHQMGHKVQ GSDVEKYYFT QRGLEQAGIT 51 ILPFDEKNLD GDMEIIAGNA 
FRPDNNVEIA YADQNGISYK RYHEFLGSFM 101 RDFVSMGVAG AHGKTSTTGM LSHVLSHITD TSFLIGDGTG 
RGSANAKYFV 151 FESDEYERHF MPYHPEYSII TNIDFDHPDY FTSLEDVFNA FNDYAKQITK 201 
GLFWGEDAE LRKITSDAPI YYYGFEAEGN DFVASDLLRS TTGSTFTVHF 251 RGQNLGQFHI PTFGRHNIMN 
ATAVIGLLYT AGFDLNLVRE HLKTFAGVKR 301 RFTEKIVNDT VIIDDFAHHP TEIIATLDAA RQKYPSKEIV 
AVFQPHTFTR 351 TTALLDDFAH ALNQADAVYL AQIYGSAREV DHGDVKVEDL ANKINKKHQV 401 
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ITVENVSPLL DHDNAVWFM GAGDIQTYEY SFERLLSNLT SNVQ-(R.sub.2).sub.n -Y (E) Sequences from 
Streptococcus pneumoniae MurC polynucleotide ORF sequence [SEQ ID NO:3]. 5'-l TATAACCACC 
A66CTCATGA CTATAGTCTT TTATTTCTTC T6TAAAAGAC 51 TGGTCTTGCA GATGGCGGTG CAGGCCAACT 
GGTCCTTCGA TATAACCCAT 101 GATTCTTCCT TCI I I I \CAG CAACCAGAAA AGAGGTCTGA ATTTCTCTCA 
151 AATGTGCJTC AAAGACAGAA GGAGGAATGG CTTCTTCGAC CGAAAAATTA 201 TCAAATTCAA 
GTTCAACAAJ CCGATCCAAA TCTTCTAATC TTGCTTGTCT 251 GATTYTCATT GTTCCTCCAG ATAAAAGGGA 
TTAAACCAAA TCATACTATA 301 GCCCTGGCJA GTTACATAGA GCAAAGTTTC TTCTTCATCA ACAAAACCGT 
351 TCATTTCAAA A1AGGAAAGC AGCTCATCAG GACTCJCCAA ACGAATCCCT 401 TTGTAATCCA 
GCTCAACTGC CACCTCTTTC AAGGCTGCAA GAAGAAGTGT 451 TCCCAGGCCC TGTCTCTGAT GGTCAGACTC 
GATGACTAAA GAATGTACTT 501 TTAGACATTG CGGATTGTCT GACTGGGGAC TTGATAAAAT ATAGCCTAAA 
551 AGTTGATTTT CATCCCTAGC TAGAAGAAAG GTATCCGCAC ACTTACGGAT 601 ACTTTCTTCT 
AAAATATGGG AAAGTTGCTG CTTTTCAGCT GGAAAAGACG 651 AGGTCTGAAG TGCCCCTATC TCAGGCAAAT 
CAAACTTGCT TGCCTGAATG 701 ATCTTAATTG GAATTJCCAT GGGAAACATC CTATTGAACA TTGCTTGTCA 
751 AGTTAGACAA GAGACGCJCA AAJGAGTATT CAJAGGTTTG GATGTCTCCT 801 GCTCCCATAA 
AGACGTAAAC AGCATTGTCA TGGTCTAGGA GJGGAGAAAC 851 ATTTTCAACA GJAAJCACTT GGJG II II I I 
GTTGATTTTA TTGGCTAGGT 901 CTTCTACCTT AACGTCACCA TGATCTACTT CACGAGCCGA GCCATAAATT 
951 TGCGCTAGAT AAACAGCATC TGCTTGGTTT AAAGCATGGG CAAAGTCGTC 1001 CAACAGGGCA 
ATGGTTCTTG TAAAGGTATG CGGTGGAAAG AACTGCTACA 1051 ATTTCCTTGC TTGGGTATTT CTGACGAGCC 
GCATCCAAGG TCGCAATAAT 1101 TTCTGTTGGA TGATGGGCAA AGTCATCAAT AATCACTGTA TCATTGACAA 
1151 TTTTCTCAGT GAAACGACGT TYAACACCGG CAAATGTTTT CAAGTGCTCA 1201 CGCACCAAGT 
TCAAATCAAA TCCTGCTGTG 1AAAGAAGAC CAATAACGGC 1251 TGTCGCATTC ATGATATTGT GACGACCAAA 
GGTTGGAATG TGGAATTGCC 1301 CCAAGTTTTG TCCACGGAAA TGAACGGTGA AGGTTGAACC AGTTGTTGAA 
1351 CGAAGAAGA1 CACTAGCJAC AAAG1CATTG CCTTCAGCTJ CAAAACCA1A 1401 ATAATAAATT 
GGTGCATCAG ACGTAATCTT ACGCAATYCA GCA1CTYCAC 1451 CATAGACAAA AAGACCCATC GTAATTTGTT 
TGGCATAGTC GUAAAGGCA 1501 TTGAAAACAT CC1CGAGACJ TGTGAAATAA TCTGGATGGT 
CAAAGTCAA1 1551 GTTGGTGATA ATAGAGTA TT CTGGGTGGTA AGGCATGAAG TGACGCTCAT 1601 
ATTCGTCAGA TTCAAAGACA AAATATTTGG CAJ1GGCCGA ACCACGACCT 1651 GTCCCATCTC CAATCAAGAA 
GCTGGTATCT GTAATGTGAG ACAAGACATG 1701 AGACAACATA CCTGTCGTJG AAG I I I I ICC ATGTGCTCCT 
GCTACTCCCA 1751 TGCTAACAAA GTCACGCATA AAGCTACCTA GAAACTCATG GTAACGTTTG 1801 
TAGCTGATAC CA I I I iGGTC CGCA T-3' (F) MurC polypeptide sequence deduced from the polynucleotide ORF 
sequence in this table [SEQ ID NO:4]. NH.sub.2 -1 MSKTYHFIGI KGSGMSALAL MLHQAAGHKVQ 
GSD VEKYYFT QRGLEQAGIT 51 ILPFDEKNLD GDMEIIAGNA FRPDNNVEIA yADQNGIRyQ RYHEVSR-COOH 

Brief Summary Paragraph Table (2): 

TABLE 2 Primers for amplification of MurC polynucleotides SEQ ID NO PRIMER SEQUENCE 5 
5 ' - A TGTCAAAGACA TA TCA TTTTA TCG-3 ' 6 5' -TTGAACA TTGCTTGTCA AGTTAGAC-3' 
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medium and grown in 2 liter baffled flasks (500 ml medium per bottle) shaking efficiently (250-350 rpm) at 
37.degree. C. to obtain a cell density of OD.sub.600 =0.8 to 1.0. The cells were collected by centrif ugation 
(2800 g at room temperature, 10 min) and resuspended in the same amount of fresh minimal media which was 
pre-equilibrated to the expression temperature of choice (for MBPH /MurC, 18.degree. C). Cell cultures were 
shaken at 18.degree. C. and, after a recovery phase of 5 minutes, induced with 0.5 mM IPTG overnight (15-20 
hours). The final cell densities after expression under these conditions is usually about OD.sub.600 =12. After 
expression the cells were collected by centrif ugation (3400 g, 4.degree. C, 10 min) washed with ice-cold TNE 
(10 mAA Tris/HCI pH 7.4, 100 mM NaCI, 10 mM EDTA) quick-frozen in either liquid nitrogen or on dry ice. The 
cell pellets can be stored for short term at -20.degree. C. or for long term at -70.degree. C. 

Detailed Description Text (101): 
Purification of MurC from pMALc-H 





Detailed Description Text (102): 

The full length murC gene was cloned into pMALc-H as a Bglll-Sall fragment into BamHI-Sall digested 
>MALc-H after it was PCR amplified using the following oligonucleotides 
(5 ' -GGGCCCA TCGTA AGATCTATGAATACACAACAA TTG&C A AAA -3' (SEQ. ID. NO.: 5); 
5 , -GAGTCGACTCAGTCAT6TTGTTCTTCCTCC-3 , (SEQ. ID. NO.: 6)). The cell pellet from a 1 L cell culture was 
resuspended in 30 ml buffer A (10 mM Tris/HCI pH 8.0, 50 mM sodium phosphate pH 8.0, 100 mM NaCI) 
containing 1 mM benzamidine, 1 mM pefabloc and the cells were lysed by f rench press (20 k cell from SLM 
Aminco, 1500 PSI, single run at 4.degree. C). The cell debris was removed by ultra centrif ugation (Beckman 
TT45, 35000 rpm, 40 min, 4.degree. C.) and the supernatant was loaded on a metal affinity column (Talon resin, 
column size 2.5.times.7 cm) pre-equilibrated with column buffer A. The column was washed with five column 
volumes column buffer A and eluted with 20 mM MES (2-[morpholino]ethanesulphonic acid), 50 mM sodium 
phosphate pH 5.2, 100 mM NaCI. The protein containing fractions were pooled. The pH was adjusted to pH 8.2 
with NaOH and the protein was treated with thrombin (7 units thrombin per mg fusion protein) for 1.5 hours 
at room temperature. The cleavage was terminated with 1 mM benzamidine. The reaction mixture was loaded 
again on the Talon res'm which was pre-equilibrated with column buffer A to adjust the pH to 8.0. MurC 
remains in the flow-through and the column was washed with column buffer A until no more MurC eluted. The 
MurC containing fractions were pooled, dialyzed (MWCO 25000) for 15 hours against 10 mM Tris/HCI pH 7.4, 
10 mM DTT and loaded on a Q-sepharose column (column size 2.5.times.5 cm) which was equilibrated with a 
buffer identical to the dialysis buffer. MurC was eluted from this column using a 30 minute NaCI gradient 
from 0 to 1 M NaCI (flow rate 2 ml/min). The MurC containing fractions which were pooled after this step 
usually contained 100-130 mg>95% purified (judged by Coomassie-stained SDS gel) MurC . 

Detailed Description Text (105): 

The full length murD gene was cloned into pMALc-H as a BamHI-Sall fragment into BamHI-Sall digested 

pMALc-H after it was PCR amplified using the following oligonucleotides: 

5 ' -GGGCCCA TCGTAGGA TCCA JGGCTGA TTA TCAGGGTA A A -3* (SEQ. ID. NO.: 7); 

5 , -CTeTCGACTCAACCTAACTCCTTCSCCAG-3 , (SEQ. ID. NO.: 8). The cell pellet from a 1 L cell culture was 
resuspended, lysed and centrif uged as in the MurC purification above. The lysis SN was also loaded on metal 
affinity column (Talon resin, column size 2.5.times.7 cm) pre-equilibrated with column buffer A, washed with 5 
column volumes of buffer A and eluted with the same buffer containing 100 mM imidazole. The MurD 
containing fractions were pooled and thrombin cleaved with 25 U/mg for 24 h at RT. The reaction was stopped 
with 1 mM benzamidine, 10 mM DTT were added and the protein solution dialysed against 10 mM Tris/HCI pH 
7.4, 50 mM DTT (MWCO 25000) for 4 hours. The protein solution was then loaded on a Q-sepharose column 
(size 2.5.times.6 cm) pre-equilibrated with the same buffer as for the dialysis. The column was washed until no 
further protein eluted from the column and eluted with a 30 min NaCI gradient from 0-1M. The MurD 
containing fractions were pooled and concentrated (centriplus 30) to 16 mg/ml. 5 ml of this solution was 
further purified on a superdex75 column (column size 2.5.times.60 cm, buffer: 10 mM Tris pH 7.4, 150 mM 
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NaCI, 10 mM DTT). MurD containing fractions from this column were pooled, dialysed (MWCO 25000) for 12 
hours against 20 mM Tris pH 8.0, 50 mAA NaCI and filtrated over a fresh Talon column (2.5.times.5 cm) 
pre-equilibrated with the dialysis buffer. MurD remains in the f lowthrough. 10 mM DTT has been added to 
stabilize the protein after pooling. Typically 150 mg MurD>98% purified can be obtained from 1L cell culture 
using this procedure. 



Detailed Description Text (108): 

The full length murE gene was cloned into pMALc-H as a Bglll-Sall fragment into BamHI-Sall digested 
pMALc-H after it was PCR amplified using the following oligonucleotides: 
5'-GGGCCCATCGTAAGATCTATGGCAGATCGTAATTTGCGC-3 ' (SEQ. ID. NO.: 9); 

V-GAGTCGACTCATGCAATCACCCCCAGCAG-l* (SEQ. ID. NO.: 10). The cell pellet from a 1 L cell culture was 
resuspended, lysed, centrif uged and purified on a Metal affinity column as in the MurC purification above 
(elution with pH 5.2 buffer). In contrast to MurC the MBPH/MurE fusion protein binds very tight to the Talon 
column and can be washed longer with buffer A before elution. The MurE containing fractions were pooled, the 
pH adjusted to pH 8.2 using NaOH and setup for thrombin cleavage with 5 U/mg thrombin for 24 hours at RT. 
The reaction was stopped with benzamidine (1 mM) and the solution loaded again on the Talon column which was 
pre-equilibrated with buffer A. MurE containing FT-fractions were pooled and dialysed (MWCO 25000) 
against 20 mM Tris/HCI pH 7.4, 10 mM DTT. Finally MurE was bound in this buffer to a Q-sepharose column 
(2.5.times.l0 cm) and eluted with a NaCI gradient from 0-1 M NaCI in the same buffer. Typically 140 mg 
/ MurE>98% purified can be obtained from 1L cell culture using this procedure. Occasionally we further purify 



MurE on a size exclusion column. 
Detailed Description Text (111): 

The full length murF gene was cloned into pMALc-H as a BamHI-Sall fragment into BamHI-Sall digested 
pMALc-H after it was PCR amplified using the following oligonucleotides: 
5 ' -GTGGA TCCA TGA TTAGCGTA ACCCTTAG- 3 1 (SEQ. ID. NO.: 11); 

5 , -CTeTCeACCTAACAT(5TCCCATTCTCCT-3 , (SEQ. ID. NO.: 12). The cell pellet from a 1 L cell culture was 
resuspended, lysed, centrif uged and bound on a Metal affinity column as in the purifications above. Before 
elution the column has been washed with high salt (gradient from 0.1-1M NaCI in buffer A, 30 min, flow rate 1 
ml/min) and urea (gradient from 0-1M urea in buffer A, 30 min, flow rate 1 ml/min). The column was eluted 
with pH 5.2 buffer (see MurC purification). The pooled fractions were adjusted to pH 8.2 and thrombin 
cleaved with 15 U/mg for 10 h at RT. The solution was treated with 1 mM benzamidine and re-applied to a 
pre-equilibrated Talon column (buffer A). FT fractions containing MurF were pooled, dialysed (MWCO 25000, 
buffer 20 mM Tris/HCI pH 7.4, 10 mM DTT) and further purified on a Q-sepharose column as with MurE (see 
above). Finally MurF was concentrated and purified by size exclusion chromatography, i.e. superdex75 
(2.5.times,60 cm, buffer 20 mM Tris pH 8.0, 130 mM NaCI, 5 mM MgCl.sub.2, 10 mM DTT). Typically >100 mg 
MurF>95% purified can be obtained from 1L cell culture using this procedure. 



10. The kit according to claim 9 wherein the first enzyme is the gene product of murC, the second enzyme is 
the gene product of murD, the third enzyme is the gene product of murE, and the fourth enzyme is the gene 
product of murF. 

15. The kit according to claim 14 wherein the first enzyme is the gene product of murA, the second enzyme is 
the gene product of murB, the third enzyme is the gene product of murC, the fourth enzyme is the gene 
product of murD, the fifth enzyme is the gene product of MurE, and the sixth enzyme is the product of MurF. 

29. The method according to claim 28 wherein the first enzyme is the gene product of murC, the second 
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enzyme is the gene product of murD, the third enzyme is the gene product of murE, and the fourth enzyme is 
the gene product of murF. 

35. The method according to claim 34 wherein the first enzyme is the gene product of murA, the second 
enzyme is the gene product of murB, the third enzyme is the gene product of murC, the fourth enzyme is the 
gene product of murD, the fifth enzyme is the gene product of murE, and the sixth enzyme is the product of 
murF. 

37. A high-throughput in vitro screening method for detecting a biologically active compound which is 
comprised of: 

(a) combining an enzyme cascade comprising a first enzyme, a second enzyme, a third enzyme, a fourth enzyme, 
a fifth enzyme and a sixth enzyme, and a labeled substrate for the first enzyme with a compound suspected of 
having biological activity; wherein: 

the first enzyme is the gene product of murA, the second enzyme is the gene product of murB, the third 
enzyme is the gene product of murC, the fourth enzyme is the gene product of murD, the fifth enzyme is the 
gene product of murE, and the sixth enzyme is the product of murF; and 

(b) measuring the concentrations of the products of the enzymes and comparing to a standard, by absorbing 
the product of the sixth enzyme onto resin and detecting the amount of label and comparing the amount of 
label to control. 



7 of 7 



7/14/03 8:53 AM 



Record Display Form 



|ttp://westbrs:8002/bin/gate.exe?f=d^ 



WEST 




H 



□ 



Generate Collection 



Print 



LI: Entry 14 of 28 



File: USPT 



Jun 26, 2001 



DOCUMENT-IDENTIFIER: US 6251647 Bl 

TITLE: Auxiliary genes and proteins of methicillin resistant bacteria and antagonists thereof 



Detailed Description Text (207): 

In the peptidoglycans of Escherichia coli and Bacillus subtilis the tetra- or pentapeptide side chains linked to 
N-acetylmuramic acid residues contain L-alanine, D-glutamate, meso-diaminopimelic acid, and terminate either 
in a D-alanine (if the peptide participates in a cross-link) or in the dipeptide D-alanyl-D-alanine (in the case of 
monomeric neuropeptides) (FIG. 11a). In the muropeptides of the S. aureus peptidoglycan the 
meso-diaminopimelic acid is replaced by L-lysine (FIG. lib). These cytoplasmic steps of the biosynthesis of 
bacterial peptidoglycan are catalysed by four ligases that promote the construction of the pentapetide side 
chain by stepwise addition of the amino acids. These ligases are encoded by the murC, murD, murE and murF 
genes (for a review see [54]) which, in E. coli (37) and Haemophilus influenzae (28), are organized in a large 
cluster of genes (DCW) that include other genes involved in peptidoglycan biosynthesis and cell division. In the 
three gram positive bacteria examined so far, the functionally analogous gene clusters are smaller: they lack 
the murC, murF and ddl genes in the case of B. subtilis (24,25,31), they lack murC, murF in the case of 
Enterococcus faecalis and in the case of S. aureus only murD is present, lacking the murC, murE, murF and 
murG genes (48). 

Detailed Description Text (226): 

Using a FASTA search program (46) of GenBank, the deduced amino acid sequence of ORF2 (FIGS. 14A-B) was 
identified as a homologue of the MurE proteins from several microbial species (24,28,36,41,51) and it also 
showed homologies to MurF of E. coli (45) and H. influenzae (28) and MurC of Bacillus subtilis (55) (Table 9). 
Multiple amino acid sequence alignment of the amino acid sequence of ORF2 and the MurE proteins (FIG. 14) 
and their analysis revealed complete homology in highly conserved regions of the mur gene products (24,27). A 
motif GxxGK-2(T/S), near the amino acid residue 120, corresponding to a typical nucleotide fold, presumed to 
be involvecl-in binding the ATP substrate (24^27,32^41,45,53) was observedhvBegio n I. A hydrophobic patch 
near the amino acids 300, corresponding ^^egionjv^presents a specift Tgonsensu s sequence^ 
GxxNxxNxxAAxA-5x-G-18x-R. Two add i 1 1 ohaTsTPongly conserved regionschara C t c i i itii uf r ff ost murein gene 
"Sequences were observed in the 175-219^ 

Detailed Description Text (230): 

The biosynthesis of peptidoglycan begins in the cytoplasm with condensation of phosphoenolpyruvate and 
UDP-N-acetyl-glucosamine catalyzed by MurA and finishes across the plasma membrane in the periplasm with 
the transglycosylation and transpeptidation of the disaccharide pentapeptide monomers by the PBPs. The final 
product of the cytoplasmic steps is the assembly of the pentapeptide side chain by stepwise addition of amino 
acids to UDP-N-acetylmuramic acid (27). These ATP-dependent peptide-bond-f orming reactions are catalyzed 
by MurC, MurD, MurE and MurF enzymes 
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Detailed Description Text (268): 

32. Ikeda, AA., M. Wachi, H. K. Jung, F. Ishino, and AA. AAatsuhashi. 1990. Nucleotide sequence involving mur£ 
and murC in the mra gene cluster region of Escherichia coli. Nucleic Acids Research 18:4014. 

* Detailed Description Paragraph Table (9): 

TABLE 9 Percentages of amino acid identity between the predicted sequences of AAurE of Staphylococcus 
aureus and similar proteins Enzymes involved in the synthesis of the Amino acid Proteins Homolog species 
UDP-N-acetylmuramyl-pentapeptide % Identity overlap AAurE (B.s) Bacillus subtilis (24) 
UDP-N-acetylmuramyl-diaminopimelic acid ligase 40.98% 449 AAurE (H.i) Haemophylus influenzae 
UDP-N-acetylmuramyl-diaminopimelic acid ligase 33.66% 496 (11) AAurE (E.c) Escherichia coli (40,41,51) 
UDP-N-acetylmuramyl-diaminopimelic acid ligase 30.20% 490 AAurE (P.a) Pseudomonas aureginosa 
UDP-N-acetylmuramyl-diaminopimelic acid ligase 31.31% 313 (36) MurF (Hi) Haemophylus influenzae 
UDP-N-acetylmuramyl-D-alanyl-D-alanine ligase 25.06% 395 (28) MurF (E.c) Escherichia coli (45) 
UDP-N-acetylmuramyl-D-alanyl-D-alanine ligase 25.47% 365 AAurC (B.s) Bacillus subtilis (55) 
UDP-N-acetylmuramate-L-alanine ligase 26.49% 351 
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LI: Entry 15 of 28 



File: USPT 



May 8, 2001 



DOCUMENT-IDENTIFIER: US 6228588 Bl 

TITLE: Methods of screening for compounds active on Staphylococcus aureus target genes 



Detailed Description Text (203): 

Sequence map: Mutant NT96 is complemented by pMP125, which contains a 2.6 kb insert of S. aureus genomic 
DNA. A partial restriction map is depicted FIG. 56, along with open boxes to indicate the percentage of the 
clone for which DNA sequence has been obtained. Database searches at both the nucleic acid and peptide 
levels reveal slj^Dg^imiJarities at the peptide level to the murC gene product, encoding UDP-N-Acetyl 
muramoyl-L/tflanine synthase^EC 6.3.2.8), from B. subtilis (Senbank Accession No. L31845). 
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LI: Entry 16 of 28 



File: USPT 



May 8, 2001 



DOCUMENT-IDENTIFIER: US 6228579 Bl 

TITLE: Method for identifying microbial proliferation genes 

Detailed Description Text (61): 

One antisense clone, pJB57, contained a fragment of the ddlB gene. The D-alanyhD-alanine ligase antisense 
clone, p JB57, contains a 1050 bp EcoRI-BamHI fragment (with an internal Eco Rl site) that expresses an RNA 
antisense to the carboxy terminal portion of murC and the first 600 bases of ddlB including its start codon. 
The RNA sequence is shown in FIG. 4. The product of the ddlB gene, the D-alanyhD-alanine ligase, ligates 2 
D-alanines together which are destined to form part of the peptidoglycan layer. A temperature sensitive ddlB 
mutant could only grow for 40 min at the non-permissive temperature before lysing, presumably due to the 
compromised peptidoglycan layer. Lugtenberg E. and van Schijndel-van Dam, A., J Bact. 113:96-104 (1973). 
There is a naturally occurring inhibitor of D-alanyhD-alanine ligase activity, the antibiotic cycloserine. 
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LI: Entry 21 of 28 



File: USPT 



Apr 6, 1999 



DOCUMENT-IDENTIFIER: US 5891621 A 
TITLE: Metabolic pathway assay 



Brief Summary Paragraph Table (1): 



TABLE 1 



murA M92358, M76452 murB L14557 murC 



X52644 (also in X55034) murD X51584 (also in X55034) murE X55814 (also in X55034) murF X15432 (also in 
X55034) murG X52644 (also in X55034) murl L14556 mraY X55034 ddlA M58467 air M12847 



Detailed Description Text (14): 

In another subclass, the first enzyme is the gene product of murC, the second enzyme is the gene product of 
murD, the third enzyme is the gene product of murE, and the fourth enzyme is the gene product of murF. 

Detailed Description Text (19): 

In another subclass, the first enzyme is the gene product of murA, the second enzyme is the gene product of 
murB, the third enzyme is the gene product of murC, the fourth enzyme is the gene product of murD, the 
fifth enzyme is the gene product of murE, and the sixth enzyme is the product of murF. 

Detailed Description Text (33): 

In another subclass, the first enzyme is the gene product of murC, the second enzyme is the gene product of 
murD, the third enzyme is the gene product of murE, and the fourth enzyme is the gene product of murF. 
Another aspect of the present invention is an antibiotic compound identified by the method of this subclass. 

Detailed Description Text (39): 

In another subclass, the first enzyme is the gene product of murA, the second enzyme is the gene product of 
murB, the third enzyme is the gene product of murC, the fourth enzyme is the gene product of murD, the 
fifth enzyme is the gene product of murE, and the sixth enzyme is the product of murF. 

Detailed Description Text (45): 

In one embodiment of the present invention, the known gene sequences formup^jnurD, murE and murF are 
used to synthesize their enzyme products: UDP-N-acetylmuramoyl: L^Ta^n^Jigase; UDP-N-acetylmuramoyl- 
L-alanine: D-glutamate ligase; UDP-N-acetylmuramoyl-L-alanyl-D-glutamate: meso-2,6-diaminopimelate ligase; 
and UDP-N-acetylmuramoyl- L-alanyl-D-glutamyl-meso-2,6-diaminopimoyl-D-alanine-D-alanine synthase, 
respectively. The genes are cloned by PCR and expressed using a modified commercially available GST or MBP 
fusion expression vector, such as pSEX-KT or pMal-C. The expression vector modification with respect to MBP 
fusions is detailed in Reference Example 3. The GST-f usion expression vectors are referenced under Hakes, 
D. J. and Dixon, J. E. "New Sectors for High Level Expression of Recombinant Proteins in Bacteria" 202 
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Analytical Biochemistry 293-298 (1992). The protein expression is detailed in Reference Example 5. The 
expressed enzymes are purified by affinity chromatography specific to the fusion protein used in the 
expression or any other suitable purification method. For example, GST fusions bind to glutathione agarose 
columns eluted with glutathione. AABP fusions bind to amylose columns eluted with maltose. The enzyme is 
cleaved from the purified fusion protein by incubating with thrombin. The contaminating GST or AABP can be 
removed by passage of the thrombin cleavage reaction mixture through the glutathione or amylose column one 
more time. The free enzyme passes through without binding to the column, while the GST or AABP will 
specifically stick to the column. The purification of the enzyme products of murC, murD, murE and murF is 
detailed in Reference Examples 6-9. In one embodiment of the present invention, the free mur enzymes are 
used for pathway assay. In another embodiment of the present invention, GST or AABP fusions of the mur 
enzymes are used for pathway assay. In an embodiment of the invention, AABP fusions are utilized. 

Detailed Description Text (47): 

In one embodiment of the present invention wherein the enzyme cascade is comprised of the gene products of 
murC, murD, murE, and murF, UDPAAurNAc is synthesized by a coupled MurA, AAurB reaction. This synthesis is 
detailed in Reference Example 1. 

Detailed Description Text (49): 

In one embodiment of the present invention wherein the enzyme cascade is comprised of the gene products of 
murC, murD, murE, and murF, any suitable buffer with a pKa range of about 8 is used. In a more preferred 
embodiment, Bis-Tris Propane, pH 8.0 is used. 

Detailed Description Text (51): 

In one embodiment of the present invention wherein the enzyme cascade is comprised of the gene products of 
murC, murD, murE, and murF, .sup.3 H-L-alanine purchased from Amersham is used as a radioactive initial 
substrate. 

Detailed Description Text (53): 

In one embodiment of the present invention wherein the enzyme cascade is comprised of the gene products of 
murC, murD, murE, and murF, a number of co-substrates are used. The co-substrate for the first enzyme is 
L-alanine. The co-substrate for the second enzyme is D-glutamic acid. The co-substrate for the third enzyme 
is meso-diaminopimelic acid. The co-substrate for the fourth enzyme is D-alanyl-D-alanine. Each of these 
co-substrates is purchased from Sigma. Adenosine 5' -triphosphate is a co-substrate for each of the four 
enzymes; any suitable phosphorylating agent can be used in place of ATP. 

Detailed Description Text (55): 

In one embodiment of the present invention wherein the enzyme cascade is comprised of the gene products of 
murC, murD, murE, and murF, AAgCl.sub.2 is used as a co-factor. 

Detailed Description Text (61): 

In one embodiment of the present invention wherein the enzyme cascade is comprised of the gene products of 
murC, murD, murE and murF, the concentrations of the pathway components are as follows: 10 nAA AAurC ; 20 
nAA AAurD; 10 nAA AAurE; 20 nAA AAurF; 10 .mu.AA L-alanine; 500 nCi.sup.3 H-L-alanine; 100 .mu.AA D-glutamate; 100 
.mu.AA meso-diaminopimelate; 100 .mu.AA D-alanine-D-alanine; 100 .mu.AA UDP-N-acetyl muramic acid; 1 mAA 
AAgCl.sub.2 ; and 500 .mu.AA ATP. These concentrations were set by variation of enzyme, substrate, co-factor, 
co-substrate, and marker concentrations. 

Detailed Description Text (63): 

In one embodiment of the present invention wherein the enzyme cascade is comprised of the gene products of 
murC, murD, murE, and murF, deconvolution is accomplished through HPLC anion exchange chromatography 



2 of 7 



7/14/03 8:53 AM 



Record Display Form 



ittp://westbrs:8002/bin/gate.exe?f=docAstat...sage: 




;sage= Ap_doccnt= lAp_doc_l=PTFKWIC 



using YAAC YS-AX036 column attached to a Shimadzu HPLC system with an in-line IN/US radiof low detector. 
First, the HPLC profile is used to Qssess enzyme and substrate pool levels. Second, the inhibitor is reassayed 
against each enzyme in the pathway individually in order to verify the inhibition target site. 

detailed Description Text (64): 

Alternatively, the pathway assay of the present invention is be adopted to a format amenable for automated, 
high throughput mode. In one embodiment, this format incorporates MurA, MurB, MurC, MurD, MurE and 
MurF using radiolabeled D-alanine-D-alanine as a tracer. This format detects only the final product of the 
pathway, UDP-N-acetylmuramyl-pentapeptide. The principle of separation is absorption of the reaction 
product onto AG1X8 resin (BioRad) followed by a washing step to remove unreacted radiolabeled 
D-alanine-D-alanine. Elution of the radiolabeled pathway product, UDP-N-acetylmuramyl-pentapeptide, may be 
accomplished using 1AA salicylic acid. Inhibition of the pathway is detected as a reduction in the formation of 
radiolabeled UDP-N-acetylmuramyl-pentapeptide relative to a no inhibitor control. This assay can be 
automated in a 96 well format. 

Detailed Description Text (69): 

The mur pathway assay contained 100 mAA Bis-Tris Propane, pH 8.0; 10 .mu.M L-alanine (Sigma); 500 nCi .sup. 3 
H-L-ala (Amersham); 100 .mu.M D-glutamate (Sigma); 100 .mu.M meso-diaminopimelate (Sigma); 100 .mu.M 
D-alanine-D-alanine (Sigma); 100 .mu.M UDP N-acetyl muramic acid (enzymatically synthesized); 1 mM 
MgCl.sub.2 ; 500 .mu.M ATP. Equal volume of the solvent (i.e DMSO) was also added and served as a control. 
The final volume was 45 .mu.l. The reaction was initiated by the addition of MurC, MurE, MurD and MurF (5 
.mu.l) at a final concentration of 10 nM, 10 nM, 20 nM, 20 nM, respectively. A 20 .mu.l aliquot was quickly 
removed and mixed into 80 .mu.l of quench buffer (300 mM KH.sub.2 PO.sub.4, pH 3.5) to stop the reaction. 
At 30 minutes post addition of enzyme solution, a 20 .mu.l aliquot was removed and quenched as described 
above. Product analysis was accomplished by HPLC ar\\or\ exchange chromatography using YMC YS-AX036 
column attached to a Shimadzu HPLC system. Typical sample volume was 50 .mu.l of the quenched reaction. The 
mobile phase consisted of 150 mM KH.sub.2 PO.sub.4, pH 3.5 at a flow rate of 1.5 ml/min. Product formation 
was monitored by an in-line IN/US radiof low detector. 

Detailed Description Text (72): 

The mur pathway assay contained 100 mM Bis-Tris Propane, pH 8.0; 10 .mu.M L-alanine (Sigma); 500 nCi.sup.3 
H-L-ala (Amersham); 100 .mu.M D-glutamate (Sigma); 100 .mu.M meso-diaminopimelate (Sigma); 100 .mu.M 
D-alanine-D-alanine (Sigma); 100 .mu.M UDP N-acetyl muramic acid (enz ymatic ally synthesized); 1 mM 
MgCl.sub.2; 500 .mu.M ATP. An inhibitor, compound 3, Tanner, et al^f^sphincfte Inhibitors of the D-Glutamic 
Acid-Adding Enzyme of Peptidoglycan Biosynthesis," 61 J. Org. Cherrv^75&=176T)"(1996), was added to a final 
concentration of 100 .mu.M. Equal volume of the solvent (i.e DMSO) was also added and served as a control. 
The final volume was 45.mu.l. The reaction was initiated by the addition of MurC. MurE, MurD and MurF (5 
.mu.l ) at a final concentration of 10 nM, 10 nM, 20 nM, 20 nM, respectively. A 20 .mu.l aliquot was quickly 
removed and mixed into 80 .mu.l of quench buffer (300 mM KH.sub.2 PO.sub.4, pH 3.5) to stop the reaction. 
At 30 minutes post addition of enzyme solution, a 20 .mu.l aliquot was removed and quenched as described 
above. Product analysis was accomplished by HPLC anion exchange chromatography using YMC YS-AX036 
column attached to a Shimadzu HPLC system. Typical sample volume was 50 .mu.l of the quenched reaction. The 
mobile phase consisted of 150 mM KH.sub.2 PO.sub.4, pH 3.5 at a flow rate of 1.5 ml/min. Product formation 
was monitored by an in-line IN/US radiof low detector. Data were reported in percent inhibition based on 
integrated areas of the F product peak (retention time=12.5 min) of the inhibited sample relative to an 
uninhibited control. 

Detailed Description Text (78): 

The mur pathway assay in this high-throughput format contained 100 mM Bis-Tris Propane, pH 8.0; 100 .mu.M 
L-alanine (Sigma); 100 .mu.M D-glutamate (Sigma); 100 .mu.M meso-diaminopimelate (Sigma); 10 .mu.M 
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D-alanine-D-alanine (Sigma); 500 nCi.sup.3 H-D-alanine-D-alanine or .sup.14 C-D-alanine-D-alanine (ARC, Inc.); 
12 .mu.M UDP-N-acetyl -glucosamine (Sigma); 25 .mu.M NADPH (Sigma); 12 .mu.M PEP (Sigma); 500 .mu.M DTT 
(Sigma); 25 mAA (NH.sub.4).sub.2 SO.sub.4 ; 5 mM KCI (Sigma); 1 mM MgCl.sub.2 (Sigma); 500 .mu.M ATP 
(Sigma) and 10% DMSO. The final volume was 40 .mu.L The reaction was initiated by the addition of AAurA, 
MurB, AAurC, MurE, MurD and MurF (typical volume was 10 .mu.L) at a final concentration of 200 nM, 200 nM, 
• 80 nM, 173 nM, 82 nM and 103 nM, respectively. The reaction was terminated at 60 min by the addition of 50 
.mu.L of quench buffer (500 mM KH.sub.2 PO.sub.4, pH 3.5) and the volume adjusted to 250 .mu.L by the 
addition of 150 .mu.L water. Then 50 .mu.L of A61-X2 resin (1:1 w/v in 25 mM KH.sub.2 PO.sub.4, pH 3.5) was 
added and incubated at room temp for 60 min. The resin was washed with 200 .mu.L of water three times The 
product was eluted and collected by the addition of 50 .mu.L of 1M salicylic acid. The eluant was then counted 
on a top counter after the addition of 200 .mu.L Microscint 40 (Packard) to determine the extent of reaction. 

T5eToiled Description Text (81): 

The mur pathway assay in this high-throughput format contained 100 mM Bis-Tris Propane, pH 8.0; 100 .mu.M 
L-alanine (Sigma); 100 .mu.M D-glutamate (Sigma); 100 .mu.M meso-diaminopimelate (Sigma); 10 .mu.M 
D-alanine-D-alanine (Sigma); 500 nCi.sup.3 H-D-alanine-D-alanine or .sup.14 C-D-alanine-D-alanine (ARC); 12 

jmj.M UDP-N-acetyl-glucosamine (Sigma); an inhibitor, f osf omycin (Sigma) was added to a final concentration 

of 12 .mu.M; 25 .mu.M NADPH (Sigma); 12 .mu.M PEP (Sigma); 500 .mu.M DTT (Sigma); 25 mM (NH.sub.4).sub.2 
SO.sub.4 ; 5 mM KCI (Sigma); 1 mM MgCl.sub.2 (Sigma); 500 .mu.M ATPjSi9maX^mdJ0% of DMSO. The final 
volume was 40 .mu.L. The reaction was initiated by the addition of MurA, MurB, MurC/ MurE, MurD and MurF 




(typical volume was 10 .mu.L) at a final concentration of 200 nM, 20aTlMr80 nM, 17 3 nM, 82 nM and 103 nM, 
respectively. The reaction were terminated at 60 min by the addition of 50 .mu.L of quench buffer (500 mM 
KH.sub.2 PO.sub.4, pH 3.5) and the volume adjusted to 250 .mu.L by the addition of 150 .mu.L water. Then 50 
.mu.L of AS1-X2 resin (1:1 w/v in 25 mM KH.sub.2 PO.sub.4, pH 3.5) was added and incubated at room temp for 
60 min. The resin was washed with 200 .mu.L of water three times. The product was eluted and collected by 
the addition of 50 .mu.L of 1M salicylic acid. The eluant was then counted on a top counter after the addition 
of 200 .mu.L Microscint 40 (Packard) to determine the extent of reaction. Data were reported in percent 
inhibition based on the amounts of counts (cpm) eluted from the resin of the inhibited sample relative to an 
uninhibited control. 

Detailed Description Text (84): 

The mur pathway assay may be arranged in preincubation mode. In this format the assay contained 100 mM . 
Bis-Tris Propane, pH 8.0; 100 .mu.M-L-alanine (Sigma); 100 .mu.M D-glutamate (Sigma); 100 l.mu.M 
meso-diaminopimelate (Sigma); 10 .mu.M D-alanine-D-alanine (Sigma); 500 nCi.sup.3 H-D-alanine-D-alanine or 
.sup.14 C-D-alanine-D-alanine (ARC); 12 .mu.M UDP-N-acetyl-glucosamine (Sigma); an inhibitor, fosfomycin 
(Sigma) was added to a final concentration of 12 .mu.M; 25 .mu.M NADPH (Sigma); 500 .mu.M DTT (Sigma); 25 
mM (NH.sub.4).sub.2 SO.sub.4 ; 5 mM KCI (Sigma); 1 mM MgCl.sub.2 (Sigma); 500 .mu.M ATP (Sigma); MurA, 
MurB, MurC, MurE, MurD and MurF at a final concentration of 200 nM, 200 nM, 80 nM, 173 nM, 82 nM and 
103 nM, respectively and 10% of DMSO. The final volume was 45 .mu.L. The reaction was initiated by the 
addition of 5 .mu.L of 120 .mu.M PEP to a final concentration of 12 .mu.M. The reaction was terminated at 60 
min by the addition of 50 .mu.L of quench buffer (500 mM KH.sub.2 PO.sub.4, pH 3.5) and the volume adjusted 
to 250 .mu.L by the addition of 150 .mu.L water. Then 50 .mu.L of AS1-X2 resin (1:1 w/v in 25 mM KH.sub.2 
PO.sub.4, pH 3.5) was added and incubated at room temp for 60 min. The resin was washed with 200 .mu.L of 
water three times The product was eluted and collected by the addition of 50 .mu.L of 1M salicylic acid. The 
eluant was then counted on a top counter after the addition of 200 .mu.L Microscint 40 (Packard) to 
determine the extent of reaction. Data were reported in percent inhibition based on the amounts of counts 
(cpm) eluted from the resin of the inhibited sample relative to an uninhibited control. 

Detailed Description Text (99): 

An overnight BL21(DE3) culture of the pMALc-H expression construct was diluted 10-fold in fresh minimal 
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Entry name 


MURC_BACSU V 


Primary accession number 


P40778 


Secondary accession numbers 


None 


Entered in Swiss-Prot in 


Release 31, February 1995 


Sequence was last modified in 
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Annotations were last modified in 


Release 42, September 2003 


Name and origin of the protein 


Protein name 


UDP - N - acetyl muramate - - L- alanine 
ligase 


Synonyms 


EC 6.3.2.8 

UDP-N-acetylmuramoyl-L-alanine 
synthetase 


Gene name 


MURC 


From 


Bacillus subtilis ITaxID: 14231 


Taxonomy 


Bacteria; Firmicutes; Bacillales; 


Bacillaceae; Bacillus. 
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Takeuchi M. . Tamakoshi A. , Tanaka T. . Terpstra P. , Tognoni A. . Tosato V. , 



Uchiyama S. , Vandenbol M. , Var\r\\er F. . Vassarotti A. , Viari A. , Wambutt R. , 



Wedler E. , Wedler K . Weitzenegger T. . Winters P. , Wipat A. , yamamoto 



K, yamane K. . yasumoto K. , Yata K. . Yoshida K. , Yoshikawa H.F. , Zumstein 
E., Yoshikawa H. , Panchin A. ; 

"The complete genome sequence of the Gram-positive bacterium Bacillus 
subtilis."; 

Nature 390:249-256(1997). 



SEQUENCE OF 85-432 FROM NUCLEIC ACIP. 
STRAIN=168 / Marburg; 

MEPLINE=96310371; PubMed=8733232; [NCBI, ExPASy . EBI . Israel . 
Japan ! 



Varon P. . Brody M.S. . Price C.W. : 



"Bacillus subtilis operon under the dual control of the general stress 
transcription factor sigma B and the sporulation transcription factor 
sigma H."; 

Mol. Microbiol. 20:339-350(1996). 



Comments 



FUNCTION. Cell wall formation. 
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CATALYTIC ACTIVITY. ATP + UDP-N-acetylmuramoyl + L-alanine = ADP 

+ phosphate + UDP-N-acetylmuramoyl-L-alanine. 

PATHWAY Peptidoglycan biosynthesis. 

SUBCELLULAR LOCA TIOH Cytoplasmic (Probable). 

SIMILARITY. Belongs to the murCDEF family. 



Copyright 



This SWIS5-PROT entry is copyright. It is produced through a collaboration between the Swiss 
Institute of Bioinf ormatics and the EMBL outstation - the European Bioinf ormatics Institute. 
There are no restrictions on its use by non-profit institutions as long as its content is in no way 
modified and this statement is not removed. Usage by and for commercial entities requires a license 
agreement (See http://www.isb-sib.ch/announce/ or send an email to license@isb-sib.ch ) 



Cross - references 



EMBL 


AF008220; fEMBL / GenBank / DDBJ1 
AAC00294.1; -. rCoDinoSeauencel 
Z99119; CAB14957.1; TEMBL / GenBank / DDBJ1 

IcoDinqoequencc I 

Lolo40, /\/\d4UU4o.1, IcMdL / bZX\\iQX\K / DDdJ I 


PTD 




^nh+il kt 

OUU 1 lUlO 1 


Dyiu7/ O, mUrU. lOUUTIUloT / INKOUD / /VMCUQOJ 


HAMAP 


MF 00046- 1 

PBIL TFamily / Alignment / Treel 


InterPro 


IPR0Q0713; Mur liqase. 
IPR004101; Mur lioase C. 
IPR005758; MurC. 
Graphical view of domain structure. 


Pfam 


PF01225; Mur lioase; 1. 
PF02875; Mur ligase C; 1. 


TIGRFAMs 


TTGR01082; murC; 1. 


ProDom 


["Domain structure / List of seq. sharinq at least 1 domainl 


HOBACGEN 


1" Family / Alignment / Treel 


BLOCKS 


P40778. 


ProtoNet 


P40778. 


ProtoMap 


P40778. 
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NiceProt View of Swiss-Prof : P40778 



htjg^/us.expasy.org/cgi -bi n/niceprot.pl?P40778 



PkESAGE 


P40778. 


DIP 


P40778. 


ModBase 


P40778. 


SWISS-2DPAGE 


Get region on 2D PAGE. 


Keywords 



Peptidoolycan synthesis ; Cell wall ; Cell division ; Ligase; ATf-binding ; 



Complete proteome . 



Features 



! 



Feature table viewer 



Key From To Length Description 

NP_BIND 108 114 7 ATP (POTENTIAL) 



Sequence information 



Length: 432 
AA 



Molecular weight: 
48364 Da 



CRC64: B73BF9502FD7CE1B [This is a 
checksum on the sequence] 
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NiceProt View of Swiss-Prot: P40778 



htt^^us.cxpasy.org/cgi-bin/niccprot.pl?P40778 
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P40778 in 
FAST A format 



View entry in original Swiss-Prot format 
View entry in raw text format {no links) 
Report form for errors/updates in this Swiss-Prot entry 



BLAST 




BLAST submission on 

ExPASv/SIB 

or at NCBIiUSA) 

ScanProsite , 
MotifScan 




Sequence analysis tools: ProtParam , 
ProtScale , Compute pI/Mw , 
Pepti deMass , PeptideCutter , 
Dotlet (Java) 

Search the SWISS-MODEL 
Repository 



I ™ ExPASy Home paae 






mmm 


Hosted by NCSC 


Mirror 
sites: 


Bolivia 


Canada 


China 


Korea 


Switzerland 


Taiwan 


US 
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NiceProt View of Swiss-Prof: P40778 



ht^^us.cxpasy.org/cgi-bin/niccprot.pl?P40778 



^ ExPASy Home page 








JPHHRSl Swiss -Prot 


Hosted by NCSC 


Mirror 
sites: 


Bolivia 


Canada 


Jchina 


Korea 


Switzerland 


Taiwan 


US 















Search | Swiss-Prot/TrEMBL 



for[ 



Go 



Clear 



NiceProt View 
of Swiss -Prot: 
P40778 



Printer-friendly view 



Quick BlastP search 



[General ] [Name and origin] [References] [Comments] [Cross-references] 
[Keywords] [Features] [Sequence] [Tools] 

Note: most headings are clickable, even if they don 't appear as links. They link to the user manual or 
other documents. 



General information about the entry 
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NiceProt View of TrEMBL: Q9ZGG7 



httpiZAis.cxpasy.org/cgi-bi n/ni ccprot .pl?Q9ZGG7 



& ExPASy Home paae f?c?l 


H!| Search ExPASy 


'■ ^offl^^^| Swiss -Prot 


Hosted by NCSC 


Mirror 
sites: 


Bolivia 


Canada 


China 


Korea 


Switzerland 


Taiwan 


US 















Search 



Swiss-Prot/TrEMBL 



Efor[ 



Go 



Clear 



NiceProt View 
of TrEMBL: 
Q9ZGG7 



Printer-friendly view 



Quick BlastP search 



[General] [Name and origin] [References] [Comments] [Cross-references] 
[Keywords] [Features] [Sequence] [Tools] 

Note: most headings are clickable, even if they don 't appear as links. They link to the user manual or 
other documents. 



General information about the entry 
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NiceProt View of TrEMBD Q9 JN09 



htt cxpcsy.org/cgi-bi n/niceprot.pl?Q9JN09 



Enjlxy name ■ ' : % < 




—75- ' . , " / ■ * J "- ! — " " r * 11 ■-?>>■< '■ 

PKrtiarf acefesstoh namb#v 


s v; t. ■ -mm 


Secondary accession numbers 


None 


Entered in TrEMBL in 


Release 15, October 2000 


Sequence was last modified in 


Release 15, October 2000 


Annotations were last modified in 


Release 24, June 2003 


Name and origin of the protein 


Protein name 


Putative UDP-N-acetylmuramate-alanine 
ligase [Fragment] 


Synonym 


EC 6.3.2.8 


Gene name 


MURC 


From 


Campylobacter ieiuni TTaxID: 1971 


Taxonomy 


Bacteria; Proteobacteria; 
Epsilonproteobacteria; 
Campylobacterales; Campy lobacteraceae; 


Campylobacter. 


References 
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NiceProt View of TrEMBL: Q9JN09 



h ttJfcp.expasy .org/cg i -b i n/ ni cepro t .p I ?Q9 JN09 



[1] SEQUENCE FROM NUCLEIC ACID. 
STRAIN=P37; 

MEDLINE=95331541; PubMed=7607469; [NCBI , ExPASy . EBI . Israel . 
J apan l 

Vitor J.M. , Morgan R.D. ; 

"Two novel restriction endonucleases from Campylobacter jejuni."; 

Gene 157:109-110(1995). 

[2] SEQUENCE FROM NUCLEIC ACID. 

STRAIN=P37; 

Vitor J.M.B. ; 

"Restriction and modification systems in Campylobacter jejuni and C. coli."; 

Thesis (1999), University of Lisbon, Lisbon, Portugal. 

[3] SEQUENCE FROM NUCLEIC ACID. 

STRAIN=P37; 

Vitor J.M.B.: 



Submitted (MAY-2000) to the EMBL/GenBank/DDBJ databases. 



Comments 


None 


Cross - references 


EMBL 


AF264911; TEMBL / GenBank / DDBJ1 
AAF77185.1; rCoDinqSequencel 


GO 


00:0016874; Molecular function: lioase activity (inferred 

from electronic annotation). 
GO:0008763; Molecular function: 

UDP-N-acetylmuramate-alanine ligase 

activity (inferred from electronic 

annotation). 


ProtoMap 


Q9JN09. 


PRESAGE 


Q9JN09. 


Mod Base 


Q9JN09. 


SWISS-2DPAGE 


Get region on 2D PAGE. 


Keywords 
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NiceProt View of TrEMBL: Q9 JN09 



htt .expasy.org/cgi-bi n/niceprot.pl?Q9JN09 



Ljggse . 



Features 




Feature table viewer 



Key From To Length Description 

NON TER 1 1 



Sequence information 



Length: 60 A A [This 
is the length of the 
partial sequence] 


Molecular weight: 
6620 Da [This is the 
MW of the partial 
sequence] 


CRC64: 10C5C79FB82F27DB 

[This is a checksum on the 
sequence] 


10 20 30 40 50 60 

1 1 1 1 1 1 
AGEEPIELDL KAVFPKALFV EDIKREGRFL VASKGQVFEE GLIIGFGAGD ISNKLRQKDE 


Q9JN09 in 
FASTA format 



View entry in original TrEMBL format 
View entry in raw text format (no links) 
Request for annotation of this TrEMBL entry 



BLAST submission on 
blast ExPASv/SIB 

or at NCBI (USA) 



ScanProsite , 
MotifScan 






Sequence analysis tools: ProtParam , 
Prof Scale . Compute pI/Mw , 
PeptideMass . PeptideCutter , 
Dotlet (Java) 

Search the SWISS-MOfrEL 
Repository 



^ ExPASy Home paqe 


pEMnewH 






smsSrot 


Hosted bv NCSC 
US 


Mirror 
sites: 


Bolivia 


Canada 


China 


Korea 


Switzerland 


Taiwan 
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NiceProt View of TrEMBL: Q9JN09 



htt .expasy.org/cgi -bin/niceprot.pl?Q9JN09 



^ ExPASy Home paqe 


Wm 


WM^ Search ExPASy 


' Contact us 


Swiss -Pr t 


Hosted by NCSC 


Mirror 
sites: 


Bolivia 


Canada 


China 


Korea 


Switzerland 


Taiwan 


US 















Search 



Swiss-Prot/TrEMBL 



Hfor 



Go 



Clear 



NiceProt View 
of TrEMBL: 
Q9JN09 



Printer-friendly view 



Quick BlastP search 



[General] [Name and origin] [References] [Comments] [Cross-references] 
[Keywords] [Features ] [Sequence] [Tools] 

Note: most headings are clickable, even if they don 't appear as links. They link to the user manual or 
other documents. 



General information about the entry 
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I 

Search History Transcript ^^k' http://wcstbrs'^^/bin/gatc.cxc?f=shistAstate=l5h3ho.3.51 



http://wcstbrs^^/i 

WEST Search History 




DATE: Monday, July 14, 2 003 



Set Name Query Hit Count Set Name 

side by side result set 

bB=U5PT; PLUR=yES; OP=ANO 
LI $alanine near 2 ligase 58 LI 



END OF SEARCH HISTORY 



I of I 



7/14/03 12:40 PM 



Record Disploy Form 



ttp://we5tbrs:8002/bin/gate.exe?f=doc4stat...sage=< 



lessage=Ap_doccnt=lAp_doc_UPTFKWIC 




Generate Collection 



Print 



LI: Entry 3 of 58 



File: USPT 



May 13, 2003 



DOCUMENT-IDENTIFIER: US 6562844 B2 

TITLE: Oxazolidinone combinatorial libraries, compositions and methods of preparation 
Other Reference Publication (25): 

Daub et al., "Isolation, cloning, and sequencing of the salmonella typhimurium ddlA gene with purification and 
characterization of its product, D-alanine:D-alanine liqase (ADP forming)" (1989) Biochemistry 27:3701-3708. 
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Record Display Form 



ittp://westbrs:8002/bin/gate.exe?f=doc^ 




□ 



Generate Collection 



Print 



LI: Entry 4 of 58 



File: USPT 



May 13, 2003 



DOCUMENT-IDENTIFIER: US 6562836 Bl 

TITLE: Methods and compounds for inhibiting amyloid deposits 

Other Reference Publication (53): 

Lacoste, Anne-Marie et al. "Inhibition of D-Alanyl-D- Alanine Liqase in Different Bacterial Species by Amino 
Phosphonic Acids" Current Microbiol. 2(2):113-117 (1979). 
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Record Display Form 




://westbrs:8002/bin/gate.exe?f=docAstat...sage^ 





Generate Collection 



Print 



LI: Entry 13 of 58 



File: USPT 



Nov 5, 2002 



DOCUMENT-IDENTIFIER: US 6476207 Bl 

TITLE: Series and gene expression products that are differentially regulated in prostate cancer 
Detailed Description Paragraph Table (5): 

by sequence SL75ml3 AC002536 Human Chromosome 11 pac 1.0 BTRNAT3_1 B; taurus mRNA for complete 
0.0074 pD J1075f 20, complete sequence, thrombospondin SL77t7 AF012886 Buchnera aphidicola UDP-N- 0.40 
<NONE> <NONE> <NONE> acetylmuramate : L-alanine liqase (murC157), D-alanine: D-alanine ligase (ddlB), cell 
division protein (f tsA), cell septation protein (ftsZ), and pfs genes, complete cds. SL86ml3 Z69790 
Caenorhabditis elegans cosmid 0.020 <NONE> <NONE> <NONE> F33C8, complete sequence. SL86t7 U39368 
Acanthonevra sp. 16S ribosomal 0.054 <NONE> <NONE> <NONE> RNA gene, mitochondrial gene encoding 
mitochondrial RNA, partial sequence. SL90ml3 <NONE> <NONE> <NONE> <NONE> <NONE> <NONE> SL94ml3 
X95276 P. falciparum complete gene map 0.0096 SHFORF_l Shigella sonnei DNA for 26 ORFs, 0.15 of 
plastid-like DNA (IR-B). complete cds; ORF1 SL94t7 AL022313 Human DNA sequence *** 6.0e-18 A46010 
X-linked retinopathy protein 5.7e-07 SEQUENCING IN (C-terminal, clone XEH.8c) - human PROGRESS *** 
(fragment) > GP:S58722_1 X- from clone 1119 A7; linked retinopathy protein {3' region, HTSS phase 1. clone 
XEH; 8c} [human, mRNA Partial, 390 nt]; This sequence comes from FIG. 5 
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Record Display Form 



p://wcstbrs:8002/bin/gatc.cxc?f=docAstat...sage=Ap 



p^^< 



;sage=4p_doccnt= 14p_doc_l=PTFKWIC 




□ 



Generate Collection 



Print 



LI: Entry 36 of 58 



File: USPT 



Sep 7, 1999 



DOCUMENT-IDENTIFIER: US 5948645 A 

TITLE: Biosynthetic gene muri from Streptococcus pneumoniae 

Brief Summary Text (6): 

Unlike the peptidoglycan crosslinking step, the stem peptide pathway has not been widely exploited as a target 
for inhibitory compounds. The stem peptide biosynthetic pathway comprises at least 10 steps in which the 
stem peptide is added onto UDPMurNAc by the stepwise addition of amino acid residues. In the first step, 
catalyzed by the UDPGIcNAc enolpyruvyl transferase and NADH-dependent reductase, UDPGIcNAc is 
converted to UDPMurNAc. In five subsequent steps, catalyzed by UDP-N-acetylmuramate:L -alanine liqase ; 
UDP-N-acetyl-muramyl-L-alanine:D-glutamate ligase; UDP-N-acetyl-muramyl-L-alanyl-D-isoglutamate:L-lysine 
ligase; UDP-N-acetylmuramyl-L-alanyl-D-isoqlutamyl-L-lysine:D-alanyl-D -alanine liqase; and D-alanyl-D-alanine 
ligase, the final product, UDPMurNAc-L-Ala-D-iso£lu-L-lysine-D-Ala-D-Ala, is produced in Streptococcus 
pneumoniae. 

Brief Summary Text (7): 

The enzymatic steps involved in the formation of the stem peptide are potential targets for new antibacterial 
agents. A few inhibitors, which target this pathway, have been developed. For example, D-cycloserine inhibits 
alanine racemose and D-alanine-D-alanine liqase ; phosphonomycin inhibits the conversion of UDP-GlcNAc to 
UDP-SlcNac-enolpyruvate; and Alaf osfalin inhibits the formation of UDP-MurNac-L-Ala. 
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Record List Display 
* ft 



httgjZ^west brs:8002/bi n/cgi -bi n/save_stepl .pl?-l 



t^^ 



WEST 



Search Results - Record(s) 1 through 3 of 3 returned. 

L2: Entry 1 of 3 File: USPT Mar 18. 2003 

US-PAT-NO: 6534278 
DOCUMENT-IDENTIFIER: US 6534278 Bl 

TITLE: Screening for antibiotics 

DATE-ISSUED: March 18, 2003 

US-CL-CURRENT: 435/7.2; 435/18. 435/183. 435/19. 435/24, 435/243. 435/32. 435/471. 435/6. 435/69.1. 
435/69.8. 435/7.1. 435/7.32. 435/7.4. 536/24.3. 536 / 24.32 

INT-CL: [07] £01 N 33/53 

L2: Entry 2 of 3 File: USPT Oct 30, 2001 

US-PAT-NO: 6310193 
DOCUMENT-IDENTIFIER: US 6310193 Bl 

TITLE: MurC from Streptococcus pneumoniae 

DATE-ISSUED: October 30, 2001 

US-CL-CURRENT: 536/23.5: 435/252.3 . 435/252.33 . 435 / 320.1 . 435 / 325 . 435 / 362 . 435/365. 435/367 . 
435/69.3. 536 / 23.6 . 536/23.7 

INT-CL: [07] C07 H 21/04, C12 N 15/09, C12 N 5/00, C12 N 1/20 

L2: Entry 3 of 3 File: USPT Apr 6, 1999 

US-PAT-NO: 5891621 
DOCUMENT-IDENTIFIER: US 5891621 A 

TITLE: Metabolic pathway assay 

DATE-ISSUED: April 6, 1999 



lof 2 



7/14/03 2:24 PM 
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' US-CL-CURRENT: 435/4; 435/15. 435/16. 435/18. 435/21. 435/23. 435/24. 435/32. 435/7.91 
INT-CL: [06] C12 Q 1/00, C12 Q 1/37, C12 Q 1/18, C12 Q 1/48 
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ID 
XX 
AC 
XX 
SV 
XX 



X52644; 



X52644.1 



ECMURGC 



Standard; DNA; PRO; 27 93 BP. 




'.ebi.ac.uk/cgi-bin/emblfetch?X52644 



DT 05-JUL-1990 (Rel . 24, Created) 

DT 19-JUL-1995 (Rel. 44, Last updated, Version 6) 
XX 

DE Escherichia coli murG and murC genes for an unidentified reading frame and 

DE UDP-N-acetylmuramate :L-alanine ligase (EC 6.3.2.8) respectively 

XX 

KW ligase; murC gene; murG gene; UDP-N-acetylmuramate :L-alanine ligase; 

KW unidentified reading frame. 

XX 

OS Escherichia coli 

OC Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales ; 

OC Enterobacteriaceae ; Escherichia. 

XX 

RN [1] 

RP 1-2793 

RA Ikeda M. ; 
RT 

RL Submitted (21 -APR- 1990) to the EMBL/ GenBank/DDB J databases. 

RL Ikeda M. , Institute of Applied Microbiology, The University of Tokyo, 1-1-1 

RL Yayoi, Bunkyo-ku, Tokyo, 113, Japan. 

XX 

RN [2] 

RP 1-2793 

RX MEDLINE; 90326550. 

RA Ikeda M. , Wachi M., Jung H.K., Ishino F., Matsuhashi M.; 

RT "Nucleotide sequence involving murG and murC in the mra gene cluster region 

RT of Escherichia coli"; 

RL Nucleic Acids Res. 18:4014-4014(1990). 
XX 

DR GOA; P07862. 

DR GOA; P16457. 

DR GOA; P17443 . 

DR GOA; P17952 . 

DR SWISS-PROT; P07862; DDLB_ECOLI . 

DR SWISS-PROT; P16457; FTSW_ECOLI . 

DR SWISS-PROT; P17443; MURG_ECOLI . 

DR SWISS-PROT; P17952; MURC_ECOLI . 

xx 

FH Key Location/Qualifiers 



FH 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 



RBS 



CDS 



CDS 



source 



1. .2793 

/ db_xr e f = " t axon : 5 6 2 " 
/mol_type= "genomic DNA" 
/organism= "Escherichia coli" 
/map="2mins" 
<1. .85 

/codon_start=2 
/db_xref = "GOA: P16457 " 
/db_xref= "SWISS-PROT :P16457" 
/ 1 r ans l_t ab 1 e = 1 1 

/product="ftsW protein (partial) (27 AA) " 
/protein_id="CAA36866 .1" 

/ trans la tion= "STAIMMLLRIDYETRLEKAQAFVRGSR 
70. .75 

/note="put. ribosome binding site" 
82.. 1149 

/db_xref ="G0A: P17443" 

/ db_xref= "SWISS-PROT : P17443 " 

/transl_table=ll 
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http:^^^.ebi.ac.uk/cgi-bin/emblfetch?X52644 

FT /product= n murG protein (AA 1-355)" 

FT /protein_id="CAA36867 . 1" 

FT / 1 rans 1 at ion = " MSGQGKRLMVMAGGTGGHVFPGLAVAHHLMAQGWQVRWLGTADRM 

FT ' EADLVPKHGIEIDFIRISGLRGKGIKALIAAPLRIFNAWRQARAIMKAYKPDWLGMGG 

FT YVSGPGGLAAWSLGIPVVLHEQNGIAGLTNKWLAKIATK^MQAFPGAFPNAEVVGNPVR 

FT TDVLALPLPQQRLAGREGPVRVLWGGSQGARILNQTMPQVAAKLGDSVTIWHQSGKGS 

FT QQSVEQAYAEAGQPQHKVTEFIDDMAAAYAWADVVVCRSGALTVSEIAAAGLPALFVPF 

FT QHKDRQQYWNALPLEKAGAAKI IEQPQLSVDAVANTLAGWSRETLLTMAERARAAS I PD 

FT ATERVANE VSR VARA" 

FT RBS 92.. 96 

FT /note="put. ribosome binding site" 

FT RBS 1182 . . 1187 

FT /note="put. ribosome binding site" 

FT CDS 1203.. 2678 

FT /db_xref ="GOA: P17952 " 

FT /db_xref = " SWISS - PROT : P17 952 " 

FT /transl_table=ll 

FT /gene="murC" 

FT /product=" (UDP-N-acetylmuramate : L-alanine ligase) (AA 

FT 1-491)" 

FT /proteinjld="CAA36868 .1" 

FT / translation="MNTQQLAKLRSIVPEMRRVRHIHFVGIGGAGMGGIAEVLANEGYQ 

FT ISGSDIAPNPVTQQLMNLGATIYFNHRPENVRDASVVVVSSAISADNPEIVAAHEARIP 

FT VIRRAEMLAELMRFRHGIAIAGTHGKTTTTAMVSSIYAEAGLDPTFVNGGLVKAAGVHA 

FT RLGHGRYLIAEADESDASFLHLQPMVAIVTNIEADHMDTYQGDFENLKQTFINFLHNLP 

FT FYGRAVMCVDDPVIRELLPRVGRQTTTYGFSEDADVRVEDYQQIGPQGHFTLLRQDKEP 

FT MRVTLNAPGRHNALNAAAAVAVATEEGIDDEAILRALESFQGTGRRFDFLGEFPLEPVN 

FT GKSGTAMLVDDYGHHPTEVDATIKAARAGWPDKNLVMLFQPHRFTRTRDLYDDFANVLT 

FT QVDTLLMLEVYPAGEAPIPGADSRSLCRTIRGRGKIDPILVPDPARVAEMLAPVLTGND 

FT LILVQGAGNIGKIARSLAEIKLKPQTPEEEQHD" 

FT RBS 2657.. 2661 

FT /note="put. ribosome binding site" 

FT CDS 2671..>2793 

FT / db_xref = "GOA: P07862 " 

FT / db_xr e f = " SWISS- PROT i P07862 " 

FT /trans l_table=ll 

FT /product="ddl protein (partial) (AA 1-41)" 

FT /protein_id="CAA36869 .1" 

FT / trans lat ion = "MTDKIAVLLGGTSAEREVSLNSGAAVLAGLREGGIDAYPVD" 
XX 

SQ Sequence 2793 BP; 620 A; 676 C; 858 G; 639 T; 0 other; 

gtcgacagcc atcatgatgc tgttgcgtat tgattatgaa acgcgtctgg agaaagcgca 60 
ggcgtttgta cgaggttcac gatgagtggt caaggaaagc gattaatggt gatggcaggc 12 0 

ggaaccggtg gacatgtatt cccgggactg gcggttgcgc accatctaat ggctcagggt 180 
tggcaagttc gctggctggg gactgccgac cgtatggaag cggacttagt gccaaaacat 24 0 



caacgtttgg ctggacgtga aggtccggtt cgtgtgctgg tagtgggtgg ttctcagggc 660 

gcacgcattc ttaaccagac aatgccgcag gttgctgcga aactgggtga ttcagtcact 720 

atctggcatc agagcggcaa aggttcgcaa caatccgttg aacaggcgta tgccgaagcg 780 

gggcaaccgc agcataaagt gacggaattt attgatgata tggcggcggc gtatgcgtgg 840 

gcggatgtcg tcgtttgccg ctccggtgcg ttaacggtga gtgaaatcgc cgcggcagga 900 

ctaccggcgt tgtttgtgcc gtttcaacat aaagaccgcc agcaatactg gaatgcgcta 960 

ccgctggaaa aagcgggcgc agccaaaatt atcgagcagc cacagcttag cgtggatgct 1020 

gtcgccaaca ccctggccgg gtggtcgcga gaaaccttat taaccatggc agaacgcgcc 1080 

cgcgctgcat ccattccgga tgccaccgag cgagtggcaa atgaagtgag ccgggttgcc 1140 

cgggcgtaat tgtagcgatg ccttttgcat cgtatgaatt taagaagtta atggcgtaaa 1200 

gaatgaatac acaacaattg gcaaaactgc gttccatcgt gcccgaaatg cgtcgcgttc 1260 

ggcacataca ttttgtcggc attggtggtg ccggtatggg cggtattgcc gaagttctgg 1320 

ccaatgaagg ttatcagatc agtggttccg atttagcgcc aaatccggtc acgcagcagt 1380 

taatgaatct gggtgcgacg atttatttca accatcgccc ggaaaacgta cgtgatgcca 1440 
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gcgtggtcgt tgtttccagc gcgatttctg ccgataaccc 
aagcgcgtat tccggtgatc cgtcgtgccg aaatgctggc 
atggcatcgc cattgccgga acgcacggca aaacgacaac 
tctacgcaga agcggggctc gacccaacct tcgttaacgg 
gggttcatgc gcgtttgggg catggtcggt acctgattgc 
catcgttcct gcatctgcaa ccgatggtgg cgattgtcac 
tggataccta ccagggcgac tttgagaatt taaaacagac 
acctgccgtt ttacggtcgt gcggtgatgt gtgttgatga 
taccgcgagt ggggcgtcag accacgactt acggcttcag 
tagaagatta tcagcagatt ggcccgcagg ggcactttac 
agccgatgcg cgtcaccctg aatgcgccag gtcgtcataa 
cggttgcggt tgctacggaa gagggcattg acgacgaggc 
gcttccaggg gactggtcgc cgttttgatt tcctcggtga 
atggtaaaag cggtacggca atgctggtcg atgactacgg 
acgccaccat taaagcggcg cgcgcaggct ggccggataa 
agccgcaccg ttttacccgt acgcgcgacc tgtatgatga 
aggttgatac cctgttgatg ctggaagtgt atccggctgg 
cggacagccg ttcgctgtgt cgcacaattc gtggacgtgg 
tgccggatcc ggcgcgggta gccgagatgc tggcaccggt 
ttctcgttca gggggctggt aatattggaa aaattgcccg 
tgaagccgca aactccggag gaagaacaac atgactgata 
gggacctccg ctgagcggga agtttctctg aattctggcg 
cgtgaaggcg gtattgacgc gtatcctgtc gac 
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cccattctgg 


Z OZvJ 


attaaccggt 
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2640 


aaatcgcggt 
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2700 
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ageeggactg 


2760 
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E. coli 2 minute region 



qqi gene; envH gene; icsa gene; icsy gene; ttsn yene ; itbi yeiie; x± 
ilvl gene; leuA gene; leuO gene; mraY gene; murC gene; murD gene; 
murE gene; murF gene; murG gene; mutT gene; orfA; orfB; orfC; orfX; 

nhnR npnp • fippa apnpr shl optip . ' 



ID EC2MIN standard; DNA; PRO; 28277 BP. 

XX 

AC X55034; M10429; 
XX 

SV X55034.1 
XX 

DT 21-FEB-1991 (Rel . 27, Created) 

DT 05-JUL-1999 (Rel. 60, Last updated, Version 31) 
XX 
DE 
XX 

KW ddl gene; envA gene; ftsA gene; ftsQ gene; ftsW gene; ftsZ gene; ilvH gene; 
KW 
KW 

KW pbpB gene; secA gene; shl gene. 
XX 

OS Escherichia coli 

OC Bacteria ; Prot eobacteria ; Gammaproteobac teria ; Enterobac teriales ; 

OC Enterobacteriaceae ; Escherichia . 

XX 

RN [1] 

RP 1-28277 

RA Ayala J. A. ; 

RT 

RL Submitted ( 08- JAN-1991) to the EMBL/ GenBank/DDB J databases. ■ 

RL Ayala J. A., Instituto de Biologia Molecular, Centro de Biologia Molecular, 

RL Universidad Autonoma, Canto-Bianco 28049, Madrid, Spain. 

XX 

RN [2] 

RA Ayala J. A. ; 

RT "Regulation of transcription at the 2 -minute region of the genetic map of 

RT Escherichia coli."; 

RL Unpublished. 
XX 

RN [3] 

RP 1-306 

RX MEDLINE; 82078077. 

RX PUBMED; 6171647. 

RA Wessler S.R., Calvo J.M. ; 

RT "Control of leu operon expression in Escherichia coli by a transcription 

RT attenuation mechanism"; 

RL J. Mol. Biol. 149 (4) :579-597 (1981) . 

XX 

RN [4] 

RP 268-1130 

RX MEDLINE; 86223773. 

RX PUBMED; 3519576. 

RA Haughn G.W., Wessler S.R., Gemmill R.M., Calvo J.M. ; 

RT "High A + T content conserved in DNA sequences upstream of leuABCD in 

RT Escherichia coli and Salmonella typhimurium" ; 

RL J. Bacteriol. 166 (3 ): 1113-1117 (1986) . 
XX 

RN [5] 

RP 843-1812 

RX MEDLINE; 88320486. 

RX PUBMED; 3413113. 

RA Henikoff S., Haughn G.W., Calvo J.M., Wallace J.C.; 

RT "A large family of bacterial activator proteins"; 

RL Proc. Natl. Acad. Sci . U.S.A. 85 (18) : 6602-6606 (1988) . 
XX 

RN [6] 

RP 1799-2187 

RX MEDLINE; 85234358. 

RX PUBMED; 3891724. 

RA Haughn G.W., Squires C.H., DeFelice M., Largo C.T., Calvo J.M. ; 
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RT "Unusual organization of the ilvIH promoter of Escherichia coli"; 

RL J. Bacterid. 163 (1) : 186-198 (1985) . 

XX 

RN [7] 

RP 2101-4431 

RX MEDLINE; 83272971. 

RX PUBMED; 6308579. 

RA Squires C.H., DeFelice M., Devereux J . , Calvo J.M.; 

RT "Molecular structure of ilvIH and its evolutionary relationship to ilvG in 

RT Escherichia coli"; 

RL Nucleic Acids Res. 11 (15) : 5299-5313 (1983) . 
XX 

RN [8] 

RP 4274-6093 

RX MEDLINE; 90330585. 

RX PUBMED; 2198273. 

RA Leclerc G., Noel G., Drapeau G.; 

RT "Molecular cloning, nucleotide sequence and expression of shl , a new gene 

RT in the 2 -minute region of the genetic map of Escherichia coli"; 

RL J. Bacteriol. 172 (8) :4696-4700 (1990) . 
XX 

RN [9] 

RP 6088-7587 

RX MEDLINE; 90251464. 

RA Gomez M.J., Fluoret B., Van Heijenoort J., Ayala J. A. ; 

RT "Nucleotide sequence of the regulatory region of pbpB gene of Escherichia 

RT coli"; 

RL Nucleic Acids Res. 18:2813-2813(1990). 
XX 

RN [10] 

RP 7316-10074 

RX MEDLINE; 83296957. 

RX PUBMED; 6350821. 

RA Nakamura M. , Maruyama I.N., Soma M. , Kato J.I., Suzuki H., Hirota Y.; 

RT "On the process of cellular division in Escherichia coli: nucleotide 

RT sequence of the gene for penicillin-binding protein 3."; 

RL Mol. Gen. Genet. 191 (1) : 1-9 (1983) . 
XX 

RN [11] 

RX MEDLINE; 90124047. 

RX PUBMED; 2692800. 

RA Tao JS., Ishiguro E.E.; 

RT "Nucleotide sequence of the murE gene of -Escherichia coli"; 

RL Can. J. Microbiol. 35 (11) : 1051-1054 (1989) . 

XX 

RN [12] 

RX MEDLINE; 90328986. 

RX PUBMED; 2198024. 

RA Michaud C, Parquet C., Flouret B., Blanot D., Van Heijenoort J. ; 

RT "Revised interpretation of the sequence containing the murE gene encoding 

RT the UDP-N-acetylmuramyl-tripeptide synthetase of Escherichia coli"; 

RL Biochem. J. 269 (1) : 277-278 (1990) . 

XX 

RN [13] 

RP 11142-12634 

RX MEDLINE; 89345095. 

RA Parquet C, Fluoret B., Menguin-Lecreulx D. , Van Heijenoort J. ; 

RT "Nucleotide sequence of the murF gene encoding the UDP-MurNac- pentapeptide 

RT synthetase of Escherichia coli"; 

RL Nucleic Acids Res. 17:5379-5379(1989). 

XX 

RN [14] 

RP 12423-15030 

RX MEDLINE; 90192099. 

RA Ikeda M. , Wachi M . , Ishino F. , Matsuhashi M.; 
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RT "Nucleotide sequence involving murD and an open reading frame orf-Y spacing 

RT murF and ftsW in Escherichia coli"; 

RL Nucleic Acids Res. 18:1058-1058(1990). 
XX 

RN [15] 

RP 13392-15020 

RA Menguin-Lecreulx D, Van Heijenoort J.; 

RT "Nucleotide sequence of the murD gene encoding the UDP-MurNac- L-Ala-D-gly 

RT synthetase of Escherichia coli"; 

RL Nucleic Acids Res. 18:183-183(1990). 

XX 

RN [16] 

RP 14743-16239 

RX MEDLINE; 90036736. 

RX PUBMED; 2509435. 

RA Ikeda M., Sato T., Wachi M., Jung H.K., Ishino F., Kobayashi Y., 

RA Matsuhashi M . ; 

RT "Structural similarity among Escherichia coli FtsW and RodA proteins and 

RT Bacillus subtilis SpoVE protein, which function in cell division, cell 

RT elongation, and spore formation, respectively"; 

RL J. Bacteriol. 171 (11) : 6375 -6378 (1989) . 
XX 

RN [17] 

RP 16094-17806 

RA Menguin-Lecreulx D., Texier L., Van Heijenoort J. ; 

RT "Nucleotide sequence of the cell-envelope murG gene of Escherichia coli"; 

RL Nucleic Acids Res. 18:2810-2810(1990). 

XX 

RN [18] 

RP 16094-18886 

RX MEDLINE; 90326550. 

RA Ikeda M. , Wachi M. , Jung H.K., Ishino F. , Matsuhashi M.; 

RT "Nucleotide sequence involving murG and murC in the mra gene cluster region 

RT of Escherichia coli"; 

RL Nucleic Acids Res. 18:4014-4014(1990). 
XX 

RN [19] 

RP 19464-21952 

RX MEDLINE; 85054557. 

RX PUBMED; 6094474. 

RA Robinson A.C., Kenan D.J., Hatfull G.F., Sullivan N.F., Spiegelberg R., 

RA Donachie W.D.; 

RT "DNA sequence and transcriptional organization of essential cell division 

RT genes ftsQ and ftsA of Escherichia coli: evidence for overlapping 

RT transcriptional units."; 

RL J. Bacteriol. 160 (2) : 546-555 (1984) . 

XX 

RN [20] 

RP 21464-23333 

RX MEDLINE; 86083166. 

RX PUBMED; 3000876. 

RA Yi Q.M., Lutkenhaus J. ; 

RT "The nucleotide sequence of the essential cell-division gene ftsZ of 

RT Escherichia coli"; 

RL Gene 36 (3) :241-247 (1985) . 

XX 

RN [21] 

RP 22964-25011 

RX MEDLINE; 88058745. 

RX PUBMED; 2824434. 

RA Beall B., Lutkenhaus J.; 

RT "Sequence analysis, transcriptional organization, and insertional 

RT mutagenesis of the envA gene of Escherichia coli"; 

RL J. Bacteriol. 169 (12) : 5408-5415 (1987) . 
XX 
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RN [22] 

RP 23989-27799 

RX MEDLINE; 88298644. 

RX PUBMED; 2841285. 

RA Schmidt M. , Rollo E. , Grodberg I., Oliver D. ; 

RT "Nucleotide sequence of secA gene and secA(ts) mutations preventing protein 

RT export in Escherichia coli"; 

RL J. Bacteriol. 170 ( 8) : 3404 -3414 (1988) . 

XX 

RN [23] 

RP 27412-28277 

RX MEDLINE; 87201091. 

RX PUBMED; 3033442. 

RA Akiyama M., Horiuchi T. # Sekiguchi M.; 

RT "Molecular cloning and nucleotide sequence of the mutT mutator of 

RT Escherichia coli that causes A : T to C:G transversion" ; 

RL Mol. Gen. Genet. 206 (1) : 9-16 (1987) . 
XX 

RN [24] 

RP 4274-6093 

RA Jahreis K. , Postma P.W., Lengeler J.W.; 

RT "Nucleotide sequence of the ilv H-fruR gene of Escherichia coli K-12 and 

RT Salmonella typhimurium LT2 " ; 

RL Unpublished. 
XX 

RN [25] 

RP 18619-19770 

RX MEDLINE; 86304170. 

RX PUBMED; 3528126. 

RA Robinson A.C., Kenan D.J., Sweeney J., Donachie W.D.; 

RT "Further evidence for overlapping transcriptional units in an Escherichia 

RT coli cell envelope-cell division gene cluster: DNA sequence and 

RT transcriptional organization of the ddl ftsQ region."; 

RL J. Bacteriol. 167 (3) : 809-817 (1986) . 

XX 

RN [26] 

RP 20513-21772 

RX MEDLINE; 89039246. 

RX PUBMED; 2846985. 

RA Robinson A.C., Begg K.J., Donachie W.D.; 

RT "Mapping and characterization of mutants of the Escherichia coli cell 

RT division gene, ftsA"; 

RL Mol. Microbiol .. 2 (5) :581-588 (1988) . 

XX 

RN [27] 

RP 1-28277 

RX MEDLINE; 93156044. 

RX PUBMED; 842 954 9. 

RA Wang Q. , Calvo J.M. ; 

RT "Lrp a global regulatory protein of escherichia coli binds Co-operatively 

RT to multiple sites and activates transcrioption of ilvIH"; 

RL J. Mol. Biol. 229 (2) :306-318 (1993) . 
XX 

RN [28] 

RP 1-28277 

RX MEDLINE; 93285120. 

RX PUBMED; 8508774. 

RA Wang Q., Calvo J.M. ; 

RT "Lrp a major regulatory protein in Escherichia coli bends DNA and can 

RT organize the assembly of a higher-order nucleoprotein structure"; 

RL EMBO J. 12 (6) :2495-2501 (1993) . 
XX 

DR GOA; POO 8 93 . 

DR GOA; P00894 . 

DR GOA; P04286 . 
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DR 


GOA 


; P06136 








DR 


GOA 


; P06137 








DR 


GOA 


; P06138 








DR 


GOA 


; P07652 








UK 


GOA 


nrin q r~ 

• PO /o62 








DR 


GOA 


• P08337 








DR 


GOA 


• P09149 








DR 


GOA 


* P09151 








DR 


GOA 


• P10151 








DR 


GOA 


- P10408 








DR 


GOA 


• P11880 








DR 


GOA 


" P14900 








DR 


GOA, 


• P15876 








DR 


GOA , 


• P16457 








DR 


GOA, 


• P17443 








DR 


GOA, 


• P17952 








DR 


GOA, 


• P18595 








DR 


GOA, 


• P21168 








DR 


GOA, 


• P22187 








DR 


GOA, 


P22188 








DR 


SWISS -PROT 




P00893 


; ILVI_ 


ECOLI . 


DR 


SWISS -PROT 




P00894 


; ILVH_ 


ECOLI . 


DR 


SWISS -PROT 




P04286 


. FTS I_ 


ECOLI . 


DR 


SWISS -PROT 




P06136 


; FTSQ_ 


ECOLI . 


DR 


SWISS -PROT 




P06137 


; FTS A 


ECOLI . 


DR 


SWISS -PROT 




P06138 


; FTSZ" 


ECOLI . 


DR 


SWISS -PROT 




P07652 


; LPXC~ 


ECOLI . 


DR 


SWISS -PROT 




P07862 


■ ddlb" 


"ecoli . 


DR 


SWISS -PROT 




P08337 


• MUTT 


"ecoli . 


DR 


SWISS -PROT 




P09149 


• LPL ECOLI. 


DR 


SWISS-PROT 




P09151 


• LEU1 


ECOLI . 


DR 


SWISS -PROT 




P10151 


• LEUO~ 


"ecoli . 


DR 


SWISS-PROT 




P10408 


• seca" 


"ecoli . 


DR 


SWISS-PROT 




P10409 


■ secm" 


"ecoli . 


DR 


SWISS-PROT 




P11880 


• murf" 


"ecoli . 


DR 


SWISS-PROT 




P14900 , 


• MURD 


ECOLI . 


DR 


SWISS-PROT, 




P15876 , 


• MRAY 


"ecoli . 


DR 


SWISS-PROT, 




P16457 , 


• FTSW" 


"ecoli . 


DR 


SWISS-PROT, 




P17443 , 


* murg" 


[ecoli . 


DR 


SWISS-PROT, 




P17952 , 


MURC" 


"ecoli . 


DR 


SWISS-PROT, 




P18595 , 


mraw" 


"ecoli . 


DR 


SWISS-PROT, 




P21168 , 


frur" 


"ecoli . 


DR - 


SWISS-PROT, 




P22183 , 


LPFS" 


"ecoli. 


DR 


SWISS-PROT, 




P22186, 


mraz" 


"ecoli . 


DR 


SWISS-PROT, 




P22187, 


ftsl" 


"ecoli . 


DR 


SWISS-PROT, 




P22188, 


mure" 


"ecoli . 


XX 















CC This entry comprises a merged sequence of 2 8Kb of which a portion 
CC is the submittor's original work. 



XX 

FH Key Location/Qualifiers 
FH 

FT source 1. .2 8277 

FT /db_xref = " taxon : 562 " 

FT /mol_type= "genomic DNA" 

FT /organism="Escherichia coli" 

FT /strain="K12 W3110" 

FT /clone="pLC26-6, pLC4-14, pLC6-7 n 

FT /map="1.77 to 2.3 8 mins" 

FT mRNA complement ( <1 .. 269 ) 

FT / evidence=EXPERIMENTAL 

FT /note="leu mRNA" 

FT mat_peptide complement (<1 .. 63 ) 

FT /product="alpha-isopropylmalate synthase (LeuA) " 

FT /gene="leuA" 
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Application/Control Number: 
Art Unit: 1645 



Page 2 



FT RBS 17274.. 17279 

FT /note='*murC RBS" 

FT mat_peptide 17295.. 18767 
FT /gene="murC" 
FT /EC_number="6.3.2.8" 

FT /product="UDP-N-acetylmuramate— alanine ligase" 

FT CDS 17295..18770 

FT /db_xrer^"GOA:P 17952" 

FT /db_xref^"SWISS-PROT:P17952" 

FT /transl_table=ll 

FT /gene="murC" 

FT /EC_number="6.3.2.8" 

FT /product="UDP-N-acetylmnramate—alanine ligase" 

FT /protein_id="CAA38868.1" 

FT 



/translation="MNTQQLAKLRSIVPEMRRVRHIHFVGIGGAGMGGIAEVLANEGYQ 
FT 

ISGSDLAPNPVTQQLMNLGATIYFNHRPENVRDASVVVVSSAISADNPEIVAAHEARIP 
FT 

VIRRAEMLAELMRFRHGIAIAGTHGKTTTTAMVSSIYAEAGLDPTFVNGGLVKAAGVHA 



Application/Control Number: . Page 3 

Art Unit: 1645 

FT 

RLGHGRYLIAEADESDASFLHLQPMVATVTNIEADHMDTYQGDFENLKQTFINFLHNLP 
FT 

FYGRAVMCVDDPVIRELLPRVGRQTTTYGFSEDADVRVEDYQQIGPQGHFTLLRQDKEP 
FT 

MRVTLNAPGRHNALNAAAAVAVATEEGIDDEAILRALESFQGTGRRFDFLGEFPLEPVN 
FT 

GKSGTAMLVDDYGHHPTEVDATIKAARAGWPDKNLVMLFQPHRFTRTRDLYDDFANV 

LT 

FT 

QVDTLLMLEVYPAGEAPIPGADSRSLCRTIRGRGKIDPILVPDPARVAEMLAPVLTGND 
FT LILVQGAGNIGKIARSLAEIKLKPQTPEEEQHD" 



Set Items Description 



Executing TD729 

>>>SET HILIGHT: use ON, OFF, or 1-5 characters 

>>>File 155 processing for AU=ABDEL? stopped at AU=ABDELWAHAB A S 
>>>File 144 processing for AU=ABDEL? stopped at AU=ABDEL-MAKSOUD S 
>>>File 5 processing for AU=ABDEL? stopped at AU= ABDEL - RAOUF A 
34172 AU= ABDEL? 
318655 PSEUDOMON? 
SI 168 AU= ABDEL? AND PSEUDOMON? 

?rd 



Search in Swiss-Pro t and TrEMBL for: mure pseudomonos 



hnp://us.expo^.org/ca^in/sprot-search-de?murc7o20pseudomonas 



& ExPASy Home paae pmlrfS^j^S^BM^^'-.S 




lllllls| Swiss -Pr t 


Hosted by NCSC 


Mirror 
sites: 




Canada 


China 


Korea 


Switzerland 


Taiwan 


US 


jBolivia 













Search 



Swiss-Prot/TrEMBL 



0for 



Go 



Clear 



Search in Swiss -Prot and TrEMBL 
for: mure pseudomonos 

Swiss -Prot Release 41.15 of 03 -Jul -2003 
TrEMBL Release 24.0 of 27-Jun-2003 



Number of sequences found in Swiss-Prot^ and TrEMBL^ : 5 

Note that the selected sequences can be saved to a file to be later 

retrieved; to do so, go to the bottom of this page. 

For more directed searches, you can use the Sequence Retrieval System 

SRS. 



Search in Swiss- Prot: There are matches to 2 out of 130006 
entries 

MURC PSEAE (Q9HW02) 

UDP-N-acetylmuramate~L-alanine ligase (EC 6.3.2.8) 

(UDP-N-acetylmuramoyl-L-alanine synthetase). {GENE: MURC OR PA4411} 

- Pseudomonos aeruginosa 
MURC RALSO (Q8XVI8) 
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Search in Swiss-Prot and TrEMBL fop: mure pseudomonas 



http://us.cxpasy.org/cq^^j/sprot-scarch-dc?murc%20pscudomonas 



UDP-N-acetylmuramate--L-alanine ligase (EC 6.3.2.8) 
(UDP-N-acetylmuramoyl-L-alanine synthetase). {GENE: MURC OR 
RSC2843 OR RS00262} - Ralstonia solanacearum (Pseudomonas 
solanacearum) 



Search in TrEMBL: There are matches to 3 out of 944142 
entries 

Q87WY6 

UDP-N-acetylmuramate--alanine ligase {GENE:MURC OR PSPTO4407} - 
Pseudomonas syringae (pv. tomato) 
Q88N75 

UDP-N-acetylmuramate--alanine ligase {GENE:MURC OR PP1338} - 
Pseudomonas putida (strain KT2440) 
Q9R6R6 

UDP-N-acetylmuramate:L-alanine ligase MURC {GENE:MURC} - 
Pseudomonas aeruginosa 



New Search 

in Swiss-Prot/TrEMBL by AC, ID, 
description, gene name, organism 
Please do NOT use any boolean 
operators (and, or, etc.) 



If you would like to retrieve all the entries contained in this list , you can 
enter a file name. These entries will then be saved to a file under this name in 
the directory outgoing of the ExPASy anonymous ftp server , from where you 
can download it. (Please note that this temporary file will only be kept for 1 
week.) 
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Scorch in Swiss-Prot and TrEMBL for: mure pseudomonas 



http://us.cxpasy.org/co^^sprot-scarch-de?murc%20pscudomonas 



File name: [ 



Reset 



or 



Create file 



^ ExPASy Home paqe ^^^^^f^ 


Srlilil 


sum 


|pSBSS^^^ Swiss-Prot 


Hosted by NCSC 
US 


Mirror 
sites: 


IboIi" via 


Canada 


China 


Korea 


Switzerland 


Taiwan 















3 of 3 



7/11/03 3:40 PM 



http://^^ebi.ac.uk/c5i-bin/exposyfetch?AF110740 



ID AF110740 standard; DNA; PRO; 1700 BP. 
XX 

AC AF11074 0; 
XX 

SV AF110740.1 
XX 

DT 12-DEC-1999 (Rel . 62, Created) 

DT 24-FEB-2000 (Rel. 62, Last updated, Version 2) 
XX 

DE Pseudomonas aeruginosa UDP-N-acetylmuramate : L-alanine ligase MurC (murC) 

DE gene, complete cds . 

XX 

KW 

XX 

OS Pseudomonas aeruginosa 

OC Bacteria ; Proteobacteria ; Gammaproteobac teria ; Pseudomonadales ; 

OC Pseudomonadaceae; Pseudomonas. 

XX 

RN [1] 

RP 1-1700 

RX MEDLINE; 20141277 . 

RX PUBMED; 10675598 . 

RA El Zoeiby A., Sanschagrin F. , Lamoureux J., Darveau A., Levesque R.C.; 

RT "Cloning, over -express ion and purification of Pseudomonas aeruginosa murC 

RT encoding uridine diphosphate N-acetylmuramate : L-alanine ligase"; 

RL FEMS Microbiol. Lett. 183 (2 ): 2 81-288 (2000) . 
XX 

RN [2] 

RP 1-1700 

RA El Zoeiby A.A.A. , Sanschagrin F., Levesque R.C.; 
RT 

RL Submitted (03 -DEC-1998) to the EMBL/ GenBank/DDB J databases. 

RL Biologie Medicale, Universite Laval, Pavilion Marchand, Ste-Foy, Quebec G1K 

RL 7P4, Canada 

XX 

DR GOA; Q9RGR6 . 

DR SPTREMBL; Q9RGR6 ; Q9RGR6 . 



XX 

FH Key Location/Qualifiers 
FH 

FT source 1..1700 

FT ~ /db xref ="taxon: 2 87 " 

FT /mol_type="genomic DNA" _ 

FT /organism=" Pseudomonas aeruginosa" 

FT /strain="PA01293" 

FT RBS 87. .90 

FT /note= "putative" 

FT /gene="murC" 

FT CDS 109.. 1572 

FT /codon_start=l 

FT / db_xr e f = " GOA : Q9RGR6 " 

FT / db_xr e f = " S PTREMBL : Q9RGR6 " 

FT /transl_table=ll 

FT /gene="murC" 

FT /product= "UDP-N-acetylmuramate: L-alanine ligase MurC" 

FT /protein id=" AAF14862 . 1 " 

FT / 1 r an s 1 a t i on= " MPAWRWP WKE PNGVTRTMRR I RR I HF VG I GGAGMCG IAEVLLNL 

FT G YEVSGSDLKAS AVTERLEKFGAQ I F IGHQAENADGADVL WS S AINRANPE VAS ALER 

FT RIPWPRAEMLAELMRYRHGIAVAGTHGKTTTTSLIASVFAAGGLDPTFVIGGRLNAAG 

FT TNAQLGASRYLVAEADESDASFLHLQPMVAWTNIDADHMATYGGDFNKLKKTFVEFLH 

FT NLPFYGLAVTCCVDDPV^EILPQIARPTVTYGLSEDADV^ 

FT REPLDVSVTSTMPGLHNVLNSLATIVIATDEGISDEAIVQGLSGFQGVGRRFQVYGELQVE 

FT GGSVMLVDDYGHHPREVAAVIKAIRGGWPERRLVMVYQPHRYTRTRDLYEDFVQVLGEA 

FT NVLLLME VYP AGEE P I PGADSRQLCHS I RQRGQLDP I YFERDADLAPLVKPLLRAGD I L 

FT LCQGAGDVGGLAPQL I KNPLFAGKGGKGA " 
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http://^rcbi.oc.uk/cgi-bin/cxp<isyfctch?AF110740 



XX 

SQ Sequence 1700 BP; 290 A; 575 C; 565 G; 270 T; 0 other; 

aactggccgc gcagctgtcc gaggtcctga tgcatcccga aaccctgcgc tccatggcag 60 

accaggcacg cagcctggcg aaacccgagg ctacccggac ggtggtcgat gcctgcctgg 12 0 

aggtggcccg tggttaaaga accgaatggc gtcacccgga ccatgcgccg tatccgccgc 180 

atccatttcg tcggcatcgg cggcgccggt atgtgcggga tcgccgaagt gctgctgaac 240 

ctcggctacg aggtatccgg ctcggacctc aaggcctcgg cggtgaccga gcgcctggag 300 

aagttcggcg cgcagatctt catcggccac caggcggaaa acgccgacgg cgccgacgtg 360 

ctggtggtgt ccagtgccat caaccgggcc aacccggaag tggcatcggc cctggaacgg 420 

cggattccgg tggtgccgcg tgcggagatg ctcgccgagc tgatgcgcta ccggcacggc 480 

atcgcggtag ccggcaccca cggcaagacc accactacca gcctgatcgc ctcggtgttc 540 

gccgccggcg gcctggaccc gaccttcgtc atcggcggcc ggctgaacgc cgccgggacc 600 

aacgcccagc tcggcgccag ccgctacctg gtggccgagg ccgacgagag cgacgccagc 660 

ttcctgcacc tgcaaccgat ggtcgcggtg gtcaccaata tcgacgccga ccacatggcg 720 

acctacggcg gcgacttcaa caagctgaag aagaccttcg tcgagttcct ccacaacctg 780 

ccgttctacg gactggcggt gatgtgcgtg gatgatccgg ttgtgcgtga gatcctcccg 84 0 

cagatcgccc gcccgaccgt gacctacggc ctcagcgaag acgccgacgt gcgcgcgatc 900 

aacatccgcc aggaaggcat gcgcacctgg ttcaccgtgt tgcgcccgga gcgcgagccg 960 

ctggacgtct cggtgaacat gcccggcctg cacaacgtgc tgaattccct ggcgaccatc 102 0 

gtcatcgcta ccgacgaggg catctccgac gaagccatcg tccaggggct gtccggcttc 1080 

cagggcgtag gccggcgctt ccaggtctac ggcgagctgc aggtcgaggg tggcagcgtg 1140 

atgctggtgg acgattacgg ccaccatccg cgcgaagtcg ccgcggtgat caaggcgatc 1200 

cgtggcggtt ggccggagcg tcgcctggtg atggtctacc agccgcatcg ctatacccgt 1260 

acccgcgacc tgtacgaaga cttcgtgcag gtgctgggcg aagccaacgt gctgctgttg 132 0 

atggaggtct atccggccgg cgaagagccg atcccgggag ccgacagccg ccagctgtgc 1380 

cacagcatcc gccagcgcgg ccagcttgac ccgatctact tcgagcgcga cgccgacctg 1440 

gcgccgctgg tcaagccgct gctgcgcgct ggcgacatcc tgctttgcca gggcgctggc 1500 

gatgtcggcg gcctggcccc gcaactgatc aagaacccgc tgttcgccgg caagggaggg 1560 

aagggcgcat gaacctttgc ctcgatagcc tgctgaacgg cacccaggat cccaaggcgt 1620 

tcggccgtgt cgccgtgctg ttcggcggca agagcgccga gcgcgaggtg tcgctgaagt 1680 

ccggcgcgat ggtcctgcaa 1700 
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ID AF306766 Standard; DNA; PRO; 1550 BP. 
XX 

AC AF306766; 
XX 

SV AF306766.1 
XX 

DT ll-JAN-2001 (Rel. 66, Created) 

DT 26-JUL-2001 (Rel. 68, Last updated, Version 2) 
XX 

DE Pseudomonas aeruginosa UDP-N-acetylmuramate :L-alanine ligase MurC (murC) 

DE gene, complete cds . 

XX 

KW 

XX 

OS Pseudomonas aeruginosa 

OC Bacteria ; Prot eobac t eria ; Gammaproteobacteria ; Pseudomonadales ; 

OC Pseudomonadaceae; Pseudomonas. 

XX 

RN [1] 

RP 1-1550 

RX MEDLINE; 21178826 . 

RX PUBMED; 11281713 . 

RA Azzolina B.A. , Yuan X., Anderson M.S., El-Sherbeini M.; 

RT "The cell wall and cell division gene cluster in the Mra operon of 

RT Pseudomonas aeruginosa: cloning, production, and purification of active 

RT enzymes"; 

RL Protein Expr. Purif. 21 (3) : 393-400 (2001) . 
XX 

RN [2] 

RP 1-1550 

RA El-Sherbeini M. , Azzolina B.; 

RT "Pseudomonas aeruginosa murC gene encoding UDP-N-acetylmuramyl : L-alanine 

RT ligase"; 

RL Unpublished. 

XX 

RN [3] 

RP 1-1550 

RA El-Sherbeini M. , Azzolina B.; 
RT 

RL Submitted (20-SEP-2000) to the EMBL/GenBank/DDBJ databases. 

RL Biochemistry, Merck Research Laboratories 80Y-300, 126 E. Lincoln Ave, 

RL Rahway, NJ 07065, USA 

XX 

DR GOA; Q9RGR6 ♦ 

DR SPTREMBL; Q9RGR6; Q9RGR6 . 

XX 

FH Key Location/Qualifiers 



FH 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 



CDS 



source 



1. .1550 

/db_xref = " taxon : 287 " 

/mol_type= "genomic DNA" 

/ organism= " Pseudomonas aeruginosa " 

60.. 1523 

/codon_start=l 

/ db_xre f = " GOA : Q9RGR6 " 

/ db_xr e f = " SPTREMBL : Q9RGR6 " 

/note="ATP-dependent ligation" 

/transl_table=ll 

/gene="murC" 

/product= "UDP-N-acetylmuramate: L-alanine ligase MurC" 
/protein_id= " AAG48251. 1 " 

/ translations "MPAWRWPWKEPNGVTRTMRRIRRIHFVGIGGAGMCGIAEVLLNL 
GYEVSGSDLKASAVTERLEKFGAQIFIGHQAENADGADVLWSSAINRANPEVASALER 
RIPWPRAEMLAELMRYRHGIAVAGTHGKTTTTSLIASVFAAGGLDPTFVIGGRLNAAG 
TNAQLGASRYLVAEADESDASFLHLQPMVAWTNIDADHMATYGGDFNKLKKTFVEFLH 
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FT NLPFYGLAVMCVDDPVWEILPQIARPTVTYGLSEDADVRAINIRQEGMRTWFTVLRPE 
FT REPLDVSVNMPGLHNVLNSLATIVIATDEGISDEAIVQGLSGFQGVGRRFQVYGELQVE 
FT GGSVMLVDDYGHHPREVAAVIKAIRGGWPERRLVMVYQPHRYTRTRDLYEDFVQVLGEA 
FT NVLLLME VYP AGEEP I PGADSRQLCHS I RQRGQLDP I YFERDADLAPLVKPLLRAGD I L 

FT LCQGAGDVGGLAPQL I KNPLF AGKGGKGA " 

XX 

SQ Sequence 1550 BP; 266 A; 525 C; 513 G; 246 T; 0 other; 

ctccatggca gaccaggcac gcagcctggc gaaacccgag gctacccgga cggtggtcga 60 
tgcctgcctg gaggtggccc gtggttaaag aaccgaatgg cgtcacccgg accatgcgcc 12 0 



gtatccgccg catccatttc gtcggcatcg gcggcgccgg tatgtgcggg atcgccgaag 180 

tgctgctgaa cctcggctac gaggtatccg gctcggacct caaggcctcg gcggtgaccg 240 

agcgcctgga gaagttcggc gcgcagatct tcatcggcca ccaggcggaa aacgccgacg 300 

gcgccgacgt gctggtggtg tccagtgcca tcaaccgggc caacccggaa gtggcatcgg 360 

ccctggaacg gcggattccg gtggtgccgc gtgcggagat gctcgccgag ctgatgcgct 42 0 

accggcacgg catcgcggta gccggcaccc acggcaagac caccactacc agcctgatcg 480 

cctcggtgtt cgccgccggc ggcctggacc cgaccttcgt catcggcggc cggctgaacg 54 0 

ccgccgggac caacgcccag ctcggcgcca gccgctacct ggtggccgag gccgacgaga 600 

gcgacgccag cttcctgcac ctgcaaccga tggtcgcggt ggtcaccaat atcgacgccg 660 

accacatggc gacctacggc ggcgacttca acaagctgaa gaagaccttc gtcgagttcc 720 

tccacaacct gccgttctac ggactggcgg tgatgtgcgt ggatgatccg gttgtgcgtg 780 

agatcctccc gcagatcgcc cgcccgaccg tgacctacgg cctcagcgaa gacgccgacg 84 0 

tgcgcgcgat caacatccgc caggaaggca tgcgcacctg gttcaccgtg ttgcgcccgg 900 

agcgcgagcc gctggacgtc tcggtgaaca tgcccggcct gcacaacgtg ctgaattccc 960 

tggcgaccat cgtcatcgct accgacgagg gcatctccga cgaagccatc gtccaggggc 1020 

tgtccggctt ccagggcgta ggccggcgct tccaggtcta cggcgagctg caggtcgagg 1080 

gtggcagcgt gatgctggtg gacgattacg gccaccatcc gcgcgaagtc gccgcggtga 1140 

tcaaggcgat ccgtggcggt tggccggagc gtcgcctggt gatggtctac cagccgcatc 12 00 

gctatacccg tacccgcgac ctgtacgaag acttcgtgca ggtgctgggc gaagccaacg 1260 

tgctgctgtt gatggaggtc tatccggccg gcgaagagcc gatcccggga gccgacagcc 132 0 

gccagctgtg ccacagcatc cgccagcgcg gccagcttga cccgatctac ttcgagcgcg 1380 

acgccgacct ggcgccgctg gtcaagccgc tgctgcgcgc tggcgacatc ctgctttgcc 144 0 

agggcgctgg cgatgtcggc ggcctggccc cgcaactgat caagaacccg ctgttcgccg 1500 

gcaagggagg gaagggcgca tgaacctttg cctcgatagc ctgctgaacg 1550 

// 
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□ 1 : AF110740. Pseudomonas aerug...[gi:6523804] Links 



LOCUS AF110740 1700 bp DNA linear BCT 23-FEB-2000 

DEFINITION Pseudomonas aeruginosa UDP-N-acetylmuramate : L-alanine ligase MurC 

(murC) gene, complete cds . 
ACCESSION AF110740 

VERSION AF110740.1 GI: 6523804 

KEYWORDS 

SOURCE Pseudomonas aeruginosa 

ORGANISM Pseudomonas aeruginosa 

Bacteria ; Prot eobac t eria ; Gammaproteobac teria ; Pseudomonadales ; 
Pseudomonadaceae ; Pseudomonas . 
REFERENCE 1 (bases 1 to 1700) 

AUTHORS El Zoeiby,A., Sanschagrin, F . , Lamoureux , J . , Darveau,A. and 
Levesque,R.C. 

TITLE Cloning, over -express ion and purification of Pseudomonas aeruginosa 

murC encoding uridine diphosphate N-acetylmuramate : L-alanine 
ligase 

JOURNAL FEMS Microbiol. Lett. 183 (2), 281-288 (2000) 
MEDLINE 20141277 
PUBMED 10675598 
REFERENCE 2 (bases 1 to 1700) 

AUTHORS El Zoeiby, A. A. A. , Sanschagrin, F . and Levesque , R . C . 
TITLE Direct Submission 

JOURNAL Submitted (03 -DEC-1998) Biologie Medicale, Universite Laval, 
Pavilion Marchand, Ste-Foy, Quebec G1K 7P4, Canada 
FEATURES Locat ion/Qualif iers 

source 1 . . 1700 

/organism= "Pseudomonas aeruginosa" 

/mol_type= "genomic DNA" 

/strain="PA01293" 

/db_xref = " taxon : 2 87 " 
gene 87.. 1572 

/gene="murC" 
RBS 87. .90 

/gene="murC" 

/note= "putative" 
CDS 109. .1572 

/gene="murC" 

/codon_start=l 

/transl_table=ll 

/product^ "UDP-N-acetylmuramate :L-alanine ligase MurC" 
/protein_id= " AAF14862 .1 " 
/db_xref ="GI : 6523805 " 

/ translation "MPAWRWPWKEPNGVTRTMRRIRRIHFVGIGGAGMCGIAEVLLN 
LG YE VSGSDL KAS AVTERLEKFGAQ I F I GHQAENADGADVLWS S AI NRANPE VASAL 
ERR I P WPRAEMLAELMR YRHG I AVAGTHG KTTTT S L I AS VF AAGGLD PT F V I GGRLN 
AAGTNAQLGASRYLVAEADESDASFLHLQPMVAVVTNIDADHMATYGGDFNKLKKTFV 
EFLHNLPFYGLAVMCWDPVVREILPQIARPTVTYGLSEDADVRAINIRQEGMRTWFT 
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VLRPEREPLDVSVNMPGLHNVLNSLATIVIATDEGISDEAIVQGLSGFQGVGRRFQVY 
GELQVEGGSVMLVDDYGHHPREVAAVIKAIRGGWPERRLVMVYQPHRYTRTRDLYEDF 
VQVLGEANVLLLMEVYPAGEEP I PGADSRQLCHS I RQRGQLDP I YFERDADLAPLVKP 
LLRAGD I LLCQGAGD VGGLAPQL I KNPLFAGKGGKGA " 

BASE COUNT 2 90 a 575 c 565 g 270 t 

ORIGIN 

1 aactggccgc gcagctgtcc gaggtcctga tgcatcccga aaccctgcgc tccatggcag 
61 accaggcacg cagcctggcg aaacccgagg ctacccggac ggtggtcgat gcctgcctgg 
121 aggtggcccg tggttaaaga accgaatggc gtcacccgga ccatgcgccg tatccgccgc 
181 atccatttcg teggcategg cggcgccggt atgtgcggga tegecgaagt getgetgaac 
241 ctcggctacg aggtatcegg ctcggacctc aaggectegg eggtgacega gcgcctggag 
301 aagttcggcg egcagatett catcggccac caggeggaaa acgccgacgg cgccgacgtg 
361 ctggtggtgt ccagtgccat caaccgggcc aacceggaag tggcategge ectggaaegg 
421 eggattcegg tggtgccgcg tgcggagatg ctcgccgagc tgatgegcta ccggcacggc 
481 ategeggtag ccggcaccca cggcaagacc accactacca gcctgatcgc ctcggtgttc 
541 gccgccggcg gcctggaccc gaccttcgtc atcggcggcc ggctgaaege cgccgggacc 
601 aacgcccagc tcggcgccag ccgctacctg gtggccgagg ccgacgagag cgacgccagc 
661 ttcctgcacc tgcaaccgat ggtcgcggtg gtcaccaata tcgacgccga ccacatggcg 
721 acctacggcg gcgacttcaa caagctgaag aagaccttcg tcgagttcct ccacaacctg 
781 ccgttctacg gactggcggt gatgtgcgtg gatgatcegg ttgtgcgtga gatcctcccg 
841 cagatcgccc gcccgaccgt gacctacggc etcagegaag acgccgacgt gcgcgcgatc 
901 aacatccgcc aggaaggcat gcgcacctgg ttcaccgtgt tgcgcccgga gcgcgagccg 
961 ctggacgtct eggtgaacat gcccggcctg cacaacgtgc tgaattccct ggcgaccatc 
1021 gtcategcta ccgacgaggg catctccgac gaagecateg tccaggggct gtccggcttc 
1081 cagggegtag gccggcgctt ccaggtctac ggcgagctgc aggtcgaggg tggcagcgtg 
1141 atgctggtgg aegattaegg ccaccatccg cgegaagteg ccgcggtgat caaggegate 
1201 cgtggcggtt ggccggagcg tcgcctggtg atggtctacc agccgcatcg ctatacccgt 
1261 acccgcgacc tgtacgaaga cttcgtgcag gtgctgggcg aagccaacgt gctgctgttg 
1321 atggaggtct atccggccgg egaagagecg atecegggag ccgacagccg ccagctgtgc 
1381 cacagcatcc gccagcgcgg ccagcttgac ccgatctact tegagegega cgccgacctg 
1441 gcgccgctgg tcaagccgct gctgcgcgct ggcgacatcc tgetttgeca gggcgctggc 
1501 gatgtcggcg gcctggcccc gcaactgatc aagaacccgc tgttcgccgg caagggaggg 
1561 aagggegcat gaacctttgc ctcgatagcc tgetgaaegg cacccaggat cccaaggcgt 
1621 tcggccgtgt cgccgtgctg tteggeggea agagegcega gcgcgaggtg tegctgaagt 
1681 ccggcgcgat ggtcctgcaa 
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□ 1: AF306766. Pseudomonas aerug...[gi:12060817] 



Links 



LOCUS 

DEFINITION 

ACCESSION 
VERSION 
KEYWORDS 
SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 



JOURNAL 
MEDLINE 
PUBMED 
REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

FEATURES 

source 




AF306766 1550 bp DNA linear BCT 19-JUL-2001 

Pseudomonas aeruginosa UDP-N-acetylmuramate : L-alanine ligase MurC 
(murC) gene, complete cds . 
AF306766 

AF3 06766. 1 GI: 12060817 

Pseudomonas aeruginosa 
Pseudomonas aeruginosa 

Bacteria ; Proteobac teria / Gammaproteobacteria ; Pseudomonadales ; 
Pseudomonadaceae ; Pseudomonas . 

1 (bases 1 to 1550) 

Azzolina,B.A. , Yuan,X. , Anderson, M . S . and El -Sherbeini , M . 
The cell wall and cell division gene cluster in the Mra operon of 
Pseudomonas aeruginosa: cloning, production, and purification of 
active enzymes 

Protein Expr. Purif. 21 (3), 393-400 (2001) 

21178826 

11281713 

2 (bases 1 to 1550) 
El-Sherbeini,M. and Azzolina,B. 
Pseudomonas aeruginosa murC gene encoding 
UDP-N-acetylmuramyl : L-alanine ligase 
Unpublished 

3 (bases 1 to 1550) 

El -Sherbeini, M. and Azzolina,B. 
Direct Submission 

Submitted (20-SEP-2000) Biochemistry, Merck Research Laboratories 
80Y-300, 126 E. Lincoln Ave, Rahway, NJ 07065, USA 

Location/Qualif iers 

1. .1550 

/organism=" Pseudomonas aeruginosa" 

/mol_type= "genomic DNA" 

/db_xref = " taxon : 2 8 7 " 

60. .1523 

/gene="murC " 

60. .1523 

/gene="murC " 

/note="ATP-dependent ligation" 

/codon_start=l 

/transl table=ll 

/product="UDP-N-acetylmuramate : L-alanine ligase MurC" 
/protein id=" AAG4 8251 . 1 " 
/db_xref ="GI : 12060818" 

/translation^ 11 MPAWRWP WKEPNGVTRTMRR IRR IHFVG IGGAGMCG I AEVLLN 
LGYEVSGSDLKASAVTERLEKFGAQIFIGHQAENADGADVLWSSAINRANPEVASAL 
ERRIPWPRAEMLAELMRYRHGIAVAGTHGKTTTTSLIASVFAAGGLDPTFVIGGRLN 
AAGTNAQLGASRYLVAEADESDASFLHLQPMVAWTNIDADHMATYGGDFNKLKKTFV 
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NCBI Sequence Viewer 



sivvyg://37/hnp://www.ncbi.nih.gov/entro^ 



BASE COUNT 
ORIGIN 

1 



EFLHNLPFYGLAVMCVDDPVVREILPQIARPTVTYGLSEDADVRAINIRQEGMRTWFT 
VLRPEREPLDVSVNMPGLHNVLNSLATIVIATDEGISDEAIVQGLSGFQGVGRRFQVY 
GELQVEGGSVMLVDDYGHHPREVAAVIKAIRGGWPERRLVMVYQPHRYTRTRDLYEDF 
VQVLGEANVLLLMEVYPAGEEPIPGADSRQLCHSIRQRGQLDPIYFERDADLAPLVKP 
LLRAGD I LLCQGAGD VGGLAPQL I KNPLFAGKGGKGA 11 
266 a 525 c 513 g 246 t 



// 



ctccatggca gaccaggcac gcagcctggc gaaacccgag gctacccgga cggtggtcga 

61 tgcctgcctg gaggtggccc gtggttaaag aaccgaatgg cgtcacccgg accatgcgcc 

121 gtatccgccg catccatttc gteggcateg gcggcgccgg tatgtgcggg ategecgaag 

181 tgctgctgaa cctcggctac gaggtatccg gctcggacct caaggcctcg gcggtgaccg 

241 agcgcctgga gaagttcggc gegcagatet tcatcggcca ecaggeggaa aacgccgacg 

301 gcgccgacgt gctggtggtg tccagtgcca tcaaccgggc caacccggaa gtggcatcgg 

361 ccctggaacg gcggattccg gtggtgccgc gtgeggagat gctcgccgag ctgatgeget 

421 accggcacgg catcgeggta gccggcaccc aeggcaagae caccactacc agectgateg 

481 cc tcggtgtt cgccgccggc ggcctggacc cgaccttcgt catcggcggc eggctgaacg 

541 ccgccgggac caacgcccag ctcggcgcca gccgctacct ggtggccgag gecgacgaga 

601 gcgacgccag cttcctgcac ctgcaaccga tggtcgcggt ggtcaccaat atcgacgccg 

661 accacatggc gacctacggc ggegacttea acaagctgaa gaagaccttc gtcgagttcc 

721 tccacaacct gccgttctac ggactggcgg tgatgtgcgt ggatgatccg gttgtgcgtg 

781 agatcctccc gcagatcgcc cgcccgaccg tgacctaegg cctcagcgaa gacgccgacg 

841 tgegegegat caacatccgc caggaaggca tgcgcacctg gttcaccgtg ttgcgcccgg 

901 agcgcgagcc gctggacgtc teggtgaaca tgcccggcct geacaaegtg ctgaattccc 

961 tggegaccat cgtcatcgct accgacgagg gcatctccga cgaagccatc gtccaggggc 

1021 tgtceggett ecagggegta ggccggcgct tccaggtcta eggegagctg caggtcgagg 

1081 gtggcagcgt gatgctggtg gacgattacg gccaccatcc gcgcgaagtc gccgcggtga 

1141 teaaggegat ccgtggcggt tggceggage gtcgcctggt gatggtctac cagccgcatc 

12 01 gctatacccg tacccgcgac ctgtacgaag acttegtgea ggtgctgggc gaagccaacg 

12 61 tgctgctgtt gatggaggtc tatccggccg gegaagagee gatcceggga gccgacagcc 
1321 gccagctgtg ccacagcatc cgccagcgcg gecagcttga cccgatctac ttcgagcgcg 

13 81 acgccgacct ggcgccgctg gtcaagccgc tgctgcgcgc tggegacate ctgctttgcc 
1441 agggegctgg egatgtegge ggcctggccc cgcaactgat caagaacccg ctgttcgccg 
1501 gcaagggagg gaagggegea tgaacctttg cctcgatagc ctgctgaacg 
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ID AF11074 0_3; parent: AF110740 

AC AF11074 0; 

FT CDS 109.. 1572 

FT /codon_start=l 

FT /db_xr e f = " GOA : Q9RGR6 " 

FT /db_xref = " SPTREMBL : Q9RGR6 " 

FT /transl_table=ll 

FT /gene= ,, murC" 

FT /product= M UDP-N-acetylmuramate :L-alanine ligase MurC" 

FT /protein id= " AAF14862 . 1 " 

FT / translation= "MPAWRWPWKEPNGVTRTMRRIRRIHFVGIGGAGMCGIAEVLLNL 

FT GYEVSGSDLKASAVTERLEKFGAQIFIGHQAENADGADVLWSSAINRANPEVASALER 

FT R I P WPRAEMLAE LMR YRHG I AVAGTHGKTTTT S L IAS VF AAGGLD PTF V I GGRLNAAG 

FT TNAQLGASRYLVAEADESDASFLHLQPMVAVVTNIDADHMATYGGDFNKLKKTFVEFLH 

FT NLPFYGLAVMCVDDPVVREILPQIARPTVTYGLSEDADVRAINIRQEGMRTWFTVLRPE 

FT REPLDVSVNMPGLHNVLNSLATIVIATDEGISDEAIVQGLSGFQGVGRRFQVYGELQVE 

FT GGSVMLVDDYGHHPREVAAVIKAIRGGWPERRLVMVYQPHRYTRTRDLYEDFVQVLGEA 

FT NVLLLME VYPAGEE P I PGADS RQLCHS I RQRGQLDP I YFERDADLAPLVKPLLRAGD I L 

FT LCQGAGDVGGLAPQL I KNPLFAGKGGKGA " 



SQ Sequence 1464 BP; 

atgcctgcct ggaggtggcc cgtggttaaa gaaccgaatg gcgtcacccg gaccatgcgc 60 

cgtatccgcc gcatccattt cgtcggcatc ggcggcgccg gtatgtgcgg gatcgccgaa 120 

gtgctgctga acctcggcta cgaggtatcc ggctcggacc tcaaggcctc ggcggtgacc 180 

gagcgcctgg agaagttcgg cgcgcagatc ttcatcggcc accaggcgga aaacgccgac 24 0 

ggcgccgacg tgctggtggt gtccagtgcc atcaaccggg ccaacccgga agtggcatcg 3 00 

gccctggaac ggcggattcc ggtggtgccg cgtgcggaga tgctcgccga gctgatgcgc 3 60 

taccggcacg gcatcgcggt agccggcacc cacggcaaga ccaccactac cagcctgatc 42 0 

gcctcggtgt tcgccgccgg cggcctggac ccgaccttcg tcatcggcgg ccggctgaac 4 80 

gccgccggga ccaacgccca gctcggcgcc agccgctacc tggtggccga ggccgacgag 54 0 

agcgacgcca gcttcctgca cctgcaaccg atggtcgcgg tggtcaccaa tatcgacgcc 600 

gaccacatgg cgacctacgg cggcgacttc aacaagctga agaagacctt cgtcgagttc 660 

ctccacaacc tgccgttcta cggactggcg gtgatgtgcg tggatgatcc ggttgtgcgt 720 

gagatcctcc cgcagatcgc ccgcccgacc gtgacctacg gcctcagcga agacgccgac 7 80 

gtgcgcgcga tcaacatccg ccaggaaggc atgcgcacct ggttcaccgt gttgcgcccg 84 0 

gagcgcgagc cgctggacgt ctcggtgaac atgcccggcc tgcacaacgt gctgaattcc 900 

ctggcgacca tcgtcatcgc taccgacgag ggcatctccg acgaagccat cgtccagggg 960 

ctgtccggct tccagggcgt aggccggcgc ttccaggtct acggcgagct gcaggtcgag 102 0 

ggtggcagcg tgatgctggt ggacgattac ggccaccatc cgcgcgaagt cgccgcggtg 1080 

atcaaggcga tccgtggcgg ttggccggag cgtcgcctgg tgatggtcta ccagccgcat 1140 

cgctataccc gtacccgcga cctgtacgaa gacttcgtgc aggtgctggg cgaagccaac 12 00 

gtgctgctgt tgatggaggt ctatccggcc ggcgaagagc cgatcccggg agccgacagc 1260 

cgccagctgt gccacagcat ccgccagcgc ggccagcttg acccgatcta cttcgagcgc 132 0 

gacgccgacc- tggcgccgct -ggtcaagccg ctgctgcgcg ctggcgacat cctgctttgc 13 80 

cagggcgctg gcgatgtcgg cggcctggcc ccgcaactga tcaagaaccc gctgttcgcc 144 0 

ggcaagggag ggaagggcgc atga 1464 

// 
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General information 




Q9RGR6 






Q9RGR6 




Created 


TrEMBLrel. 13, l-MAY-2000 


Sequence update 


TrEMBLrel. 13, l-MAY-2000 


Annotation update 


TrEMBLrel. 24, l-JUN-2003 


Description and or 


'igin of the Protein 




Description 


UDP-N-acetylmuramate:L-alanine ligase MURC. 


Gene name(s) 


MURC. 




Organism source 


Pseudomonas aeruginosa. 




Taxonomy 


Bacteria; Proteobacteria; Gammaproteobacteria; 
Pseudomonadales; Pseudomonadaceae; Pseudomonas. 


NCBI TaxID 


287 




References 


[1] 


El Zoeiby,A.A.A., Sanschagrin,F., Darveau,A., 
Levesque,R.C, 

Cloning and overexpression of Pseudomonas aeruginosa 
murC gene encoding UDP-N-ace1ylmuramate:L-alanine 
ligase. Submitted DEC- 1998 to the EMBL GenBank 
DDBJ databases 




Position 


SEQUENCE FROM N.A. 




Comments 


STRAIN=PA01293; 


[2] 


EI-Sherbeini,M., Azzolina,B., 
Pseudomonas aeruginosa murC gene encoding 
UDP-N-acetylmuramyhL- alanine ligase. Submitted 
SEP-2000 to the EMBL GenBank DDBJ databases 




[ Position SEQUENCE FROM N.A. 
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:^^A 



EMBL 


AF110740; AAF14862.1; - 


AF306766; AA648251.1; 




60:0005737: C:cytoplasm: IEA. 




60:0005524; F:ATP bindina activity: IEA. 




60:0016874: F:liaase activity: IEA. 


60 


60:0008763: F:UDP-N-acetylmuramate-alanine liaase 
activity: IEA. 

60:0009058: P: biosynthesis: IEA. 

60:0009273: P:cell wall biosynthesis (sensu Bacteria}; 
IEA. 




IPR005758; MurC. 


InterPro 


IPR000713; Mur liaase. 
IPR004101; Mur Uaase C. 


Pfam 


PF01225; Mur liaase; 1. 
PF02875; Mur liqase C: 1. 


TI6RFAMs 

- . 


TT6R01082; murC; 1. 


Keywords 


Liqase; 




// 



MPAWRWPWK 
ERLEKFGAQI 
YRHGIAVAGT 
SDASFLHLQP 
EILPQIARPT 
LATIVIATDE 
IKAIRGGWPE 
RQLCHSIRQR 
GKGGKGA 



EPNGVTRTMR 
FIGHQAENAD 
HGKTTTTSLI 
MVAWTNIDA 
VTYGLSEDAD 
GISDEAIVQG 
RRLVMVYQPH 
GQLDPIYFER 



RIRRIHFVGI 
GADVLWSSA 
ASVFAAGGLD 
DHMATYGGDF 
VRAINIRQEG 
LSGFQGVGRR 
RYTRTRDLYE 
DADLAPLVKP 



GGAGMCGIAE 
INRANPEVAS 
PTFVIGGRLN 
NKLKKTFVEF 
MRTWFTVLRP 
FQVYGELQVE 
DFVQVLGEAN 
LLRAGDILLC 



VLLNLGYEVS 
ALERRIPWP 
AAGTNAQLGA 
LHNLPFYGLA 
EREPLDVSVN 
GGSVMLVDDY 
VLLLMEVYPA 
QGAGDVGGLA 



GSDLKASAVT 
RAEMLAELMR 
SRYLVAEADE 
VMCVDDPWR 
MPGLHNVLNS 
GHHPREVAAV 
GEEPIPGADS 
PQLIKNPLFA 



60 
120 
180 
240 
300 
360 
420 
480 
487 
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Swiss-Prot 


Hosted bv NCSC 
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Taiwan 
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Search | Swiss-ProtH" rEMBL [▼ for i Go 


Clear 



NiceProt View 
of Swiss-Prot: 
Q8XVI8 



Printer-friendly view 



Quick BlastP search 



[General] [Name and origin] [References] [Comments] [Cross - references] 
[Keywords] [Features] [Sequence] [Tools] 

Note: most headings are clickable, even if they don 't appear as links. They link to the user manual or 
other documents. 
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Entry name ;MURC_RALSO 


Primary accession number 


Q8XVI8 


Secondary accession numbers 


None 


Entered in Swiss-Prot in 


Release 41, February 2003 


Sequence was last modified in 


Release 41, February 2003 


Annotations were last modified in 


Release 42, September 2003 


Name and origin of the protein 


Protein name 


UDP-N-acetylmuramate- -L-alanine 
ligase 


Synonyms 


EC 6.3.2.8 

UDP-N-acetylmuramoyl-L-alanine 
synthetase 


Gene name 


MURC or R5C2843 or RS00262 


From 


Ralstonia solanacearum . 
(Pseudomonas 

solanacearum) 


Taxonomy 


Bacteria; Proteobacteria; 
Betaproteobacteria; Burkholderiales; 


Burkholderiaceae; Ralstonia. 


References 


[1] 


SEQUENCE FROM NUCLEIC ACID. 
STRAIN=GMI1000; 

MEDLINE=21681879; PubMed=11823852; TNCBI. ExPASy. EBI. Israel. 
Japan 1 

Salanoubat M.. Genin S.. Artiquenave F.. Gouzy J.. Manqenot S.. Arlat M.. 


Billault A.. Brottier P.. Camus J.C.. Cattolico L.. Chandler M.. Choisne N.. 


Claudel-Renard C. Cunnac S., Demanqe N., Gasp'm C. Lavie M.. Moisan A., 


Robert C Saurin W.. Schiex T.. Siquier P.. Thebault P.. Whalen M.. 


Wincker P.. Levy M.. Weissenbach J.. Boucher C.A.; 


"Genome sequence of the plant pathogen Ralstonia solanacearum."; 
Nature 415:497-502(2002). 


Comments 
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NiceProt View of Swiss-Prof. Q8XVI8 



ht^g^is.cxposy.opg/cgi-bin/niccprot.pt?Q8XVI8 



FUNCTION. Cell wall formation. 

CATALYTIC ACTIVITY. ATP + UDP-N-acetylmuramoyl + L-alanine = ADP 

+ phosphate + UDP-N-acetylmuramoyl-L-alanine. 

PATHWAY. Peptidoglycan biosynthesis. 

SUBCELLULAR LOCATION. Cytoplasmic (Probable). 

SIMILARITY. Belongs to the murCDEF family 



Copyright 



This SWISS-PROT entry is copyright. It is produced through a collaboration between the Swiss 
Institute of Bioinf ormatics and the EAABL outstation - the European Bioinformatics Institute. 
There are no restrictions on its use by non-profit institutions as long as its content is in no way 
modified and this statement is not removed. Usage by and for commercial entities requires a license 
agreement (See http://www.isb-sib.ch/announce/ or send an email to license@isb-sib.ch ) 
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InterPro 
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IPR004101; Mur liqase C. 
IPR005758; MurC. 
Graphical view of domain structure. 


Pfam 
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PF02875; Mur liqase C; 1. 


TIGRFAMs 


TTGR01082; murC; 1. 


ProDom 
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Keywords 



Ljggse ; ATP-bindinq ; Cell division ; Cell wall ; Peptidoqlycan synthesis ; 
C mplete proteome . 



Features 




Feature table viewer 



Key From To Length Description 

NPJBIND 112 118 7 ATP (POTENTIAL) 



Sequence information 



Length: 483 
AA 



Molecular weight: 
51200 Da 



CRC64: 4AF68FF4DFA08C0A [This is a 
checksum on the sequence] 
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MKHIVKNIHF 


VGIGGAGMSG 


IAEVLLNLGY 


RVTGSDLGQS 


AATQRLTALG 


ATVMQGHAPE 


70 


80 


90 


100 


110 


120 


1 

HWGANAVW 


1 

STAVRGDNPE 


1 

VLAARAKRIP 


1 

IVPRAVMLAE 


1 

LMRLKQGIAI 


1 

AGTHGKTTTT 


130 


140 


150 


160 


170 


180 


SLVASVLAEG 


1 

GLDPTFVIGG 


1 

RLNSAGANAR 


1 

LGTGDFIVAE 


1 

ADESDASFLN 


1 

LFPVIEVITN 
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1 

IDADHMDTYG 


1 

HDFARLKQAF 


1 

IEFTHRLPFY 


1 

GIAVLCVDDP 


1 

NVREILPFVS 


1 

KPWRYGFAE 


250 


260 


. .270 


- . 280 


290 


300 


1 

DAQVRAVNAR 


1 

AVDGRMEFTV 


1 

IRQLNGHAEP 


1 

PLSITLNLPG 


1 

MHNVQNALAA 


1 

IAIATELEVP 


310 


320 


330 


340 


350 


360 


1 

DEAIVKALAE 


1 

FNGVGRRFQR 


1 

YGEVPTADGQ 


1 

GRFTLIDDYG 


1 

HHPVEMAATL 


1 

AAARGAFPGR 


370 


380 


390 


400 


410 


420 


1 

RLVLAFQPHR 


1 

FTRTRDCFED 


1 

FIKVLGTVDA 


i 

LLLAEVYAAG 


1 

EPPIVAADGR 


1 

ALTRALRVAG 


430 


440 


450 


460 


470 


480 


1 

KIEPVFVEQI 


1 

EDMPQAILDA 


1 

AQDNDWITM 


1 

GAGSIGQVPG 


1 

QWARQAEVR 


1 

AANWDLNGG 



AAA 



Q8XVI8 in 
FAST A format 
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View entry in original Swiss-Prot format 
View entry in raw text format (no links) 
Report form for errors/updates in this Swiss-Prot entry 



BLAST submission on 
blast ExPASy/SIB 

or at NCBI (USA) 



ScanProsite , 
MotifScan 






Sequence analysis tools: ProtParam , 
Prot Scale , Compute pI/Mw , 
Pept ideMass , PeptideCutter , 
frotlet (Java) 

Search the SWISS-MODEL 
Repository 
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From a lysogen with lambda ( (lamda) ) integrated in the leu operon, 
specialized transducing phages that carry the cell division, murein 
biosynthesis, and envelope permeability genes located about 0.5 minutes to 
the right of leu on the Escherichia coli map were located. These phages 
were used to identify the previously undiscovered cell division gene sep. A 
genetic map proves that sep is located in the sequence leuA sep murE murF 
murC ddl ftsA envA. Physical maps of this region were prepared by 
heteroduplex analysis and restriction enzyme analysis of the phage DNAs . 
Overlapping sequences of host DNA extended rightward for as much as 26.4 
kilobase pairs from the prophage insertion point (thought to be in leuA) to 
include all the genes through envA. 

The sep gene was shown by genetic methods to code for 
penicillin-binding protein 3. sep was cloned on an 18.2 KB fragment into 
(lamda) Charon 10 to form a viable, sep('+) transducing phage. After 
infection of E. coli with this hybrid phage, penicillin-binding protein 3 
was overproduced and was incorporated into the E. coli inner membrane. 

A DNA fragment of 2.4 KB which is thought to contain the sep gene, 
but little other DNA, was cloned into phage and plasmid vectors. These DNAs 
were used as probes specific for sep message to study transcription. The 
sep. gene is transcribed clockwise on the E. coli map. Although the sep gene 
is located in a cluster of genes with related functions, it is not 
cotranscribed with any of these known genes. 



3/9/173 (Item 1 from file: 94) 

DIALOG (R) File 94 : JICST-EPlus 

(c)2003 Japan Science and Tech Corp(JST). All rts. reserv. 

01156679 JICST ACCESSION NUMBER: 90A0901693 FILE SEGMENT: JICST-E 
Homology among MurC , MurD, MurE and MurF proteins in Escherichia coli and 

that between E. coli MurG and a possible MurG protein in Bacillus 

subtilis. 

IKEDA M (1); JUNG H (1); ISHINO F (1); MATSUHASHI M (1); WACHJ M (2) 
(1) Univ. Tokyo, Tokyo, JPN; (2) Tokyo Inst. Technology, Tokyo, JPN 
J Gen Appl Microbiol, 1990, VOL. 36, NO. 3, PAGE . 179-187 , FIG. 6, TBL.l, REF.31 
JOURNAL NUMBER: G0463AAR ISSN NO: 0022-1260 CODEN: JGAMA 
UNIVERSAL DECIMAL CLASSIFICATION: 575.116.4 579.222 
LANGUAGE: English COUNTRY OF PUBLICATION: Japan 

DOCUMENT TYPE: Journal 
ARTICLE TYPE: Original paper 
MEDIA TYPE: Printed Publication 

ABSTRACT: Determination of nucleotide sequence of a 2 . 8kb DNA fragment 

involving the murG and murC genes has "completed the sequencing of the 
total 12kb mra region at 2min on the Escherichia coli chromosome map, 
which functions in the growth and division of the cell. Product 
proteins of the genes in the mra region have also been identified, of 
which the MurC and MurG proteins are reported here. Considerable 
homologies were found in the deduced amino acid sequences of four 
ligases, products of the murC , murD, murE and murF genes in the mra 
region. These synthesize UDP-N-acetylmuramyl-pentapeptide from 
UDP-N-acetylmuramic acid in peptidoglycan synthesis. The MurG protein, 
also involved in the cell growth of E. coli, showed considerable 
homology of the deduced amino acid sequence with that of a peptide 
coded for by an open reading frame in the spoVE-ftsZ region of the B. 
subtilis chromosome, (author abst.) 

DESCRIPTORS: Escherichia coli; Bacillus subtilis; protein; 

homology (characteristic) ; gene; nucleotide sequence; gene cloning; 
amino acid sequence; amino acid composition; cell division; cell 
proliferation; ligase; gene expression; glycopeptide 

BROADER DESCRIPTORS: Escherichia; Enterobacteriaceae ; bacterium; 

microorganism; Bacillus; Bacillaceae; endospore- forming rods and cocci; 
property; primary structure; structure; genetic information; 
information; sequence and arrangement; molecular structure; gene 
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A murC gene from coryneform bacteria. 

Wachi M; Wijayarathna C D; Teraoka H; Nagai K 

Department of Bioengineering, Tokyo Institute of Technology, Yokohama, 
Japan, mwachi@bio.titech.ac.jp 

Applied microbiology and biotechnology (GERMANY) \Feb 1999, 51 (2) 

p223-8, ISSN 0175-7598 Journal Code: 8406612 ^ S 

Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type : Completed 
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The upstream flanking region of the ftsQ and ftsZ genes of Brevibacterium 
flavum MJ233, which belongs to the coryneform bacteria, was amplified by 

Cthe inverse polymerase chain reaction method and cloned in Escherichia 
coli. Complementation analysis of E. coli mutant with a de~f ective~ _"c"e*iir*wall 
synthesis mechanism with the cloned fragment an d its DNA sequencing 
indicated the presence of the ^murC^ gene, encoding 

UDP-N-acetylmuramate :L-alanine ligase involved inj>eptidoglycan synthesis, 
just upstream from the ftsQ gene. The B. flavum ( ^ur&) gene could encode a 
protein of 486 amino acid residues with a calculated molecular mass of 51 
198 Da. A 50-kDa protein was synthesized by the B. flavum murC gene in atf^^- 
in vitro transcription/translation system using E. coli S30 lysate . These 
results indicate that the genes responsible for cell -wall synthesis and 
cell division are located as a cluster in B. flavum similar to the E. coli 
mra region. 
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Identification, characterization, and chromosomal organization of the 
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The ftsZ gene was cloned from the chromosomal DNA of Brevibacterium 
lactof ermentum by the polymerase chain reaction (PCR) using two 
oligonucleotides designed from two conserved regions found in most of the 
previously cloned and sequenced ftsZ genes from other microorganisms. ftsZ 
is a single-copy gene in corynebanteri a and -if? Inrat-pri downstream from ftsQ 
and murC , indicating ^Tinkage between gene^ involved in peptidoglycan 
synthesis (mur genes) andgenes involved in dell division (f ts genes) . The 
organisation of the cluster is similar to that in Streptomyces and 
different from those of Escherichia coli or Bacillus subtilis because ftsA 
is not located upstream of ftsZ. The gene was expressed in E. coli using 
the T7 expression system; the calculated molecular weight of the expressed 
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Site-directed mutagenesis and chemical modification of the two cysteine 
residues of the UDP-N-acetylmuramoyl : L -alanine ligase of Escherichia coli. 

Nosal F; Masson A; Legrand R; Blanot D; Schoot B; van Heijenoort J; 

Parquet C . 

Biophysics, Hoechst-Marion-Rous'sel , Rom^:invii\Le , France. 

FEBS letters (NETHERLANDS) (Apr 24 1998 J 426 (3) p309-13, ISSN 
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Site-directed mutagenesis and chemical modification of the two cysteine 
residues of the MurC L-alanine-adding enzyme from Escherichia coli were 
undertaken to study their possible role in activity and stabi lity . Their 
replacement by alanine was not critical for activity. However, £C2^o) played 
a role in enzyme stability and substrate binding. N- Ethylmaleimide 
alkylation led to monoalkylated and dialkylated proteins. The monoalkylated 
protein had mostly unmodified C230 residues. The extent of alkylation of 
C230 paralleled the loss of activity, whereas that of C426 did not. 
Protection against inactivation by beta, gamma- imidoadenosine 

5 1 - triphosphate implied the involvement of C230 in the ATP binding site. 
Tags: Support, Non-U. S. Gov't 
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Characterization of ftsZ, the cell division gene of Buchnera aphidicola 
(endosymbiont of aphids) and detection of the product. 

Baumann L; Baumann P 

Microbiology Section, University of California, Davis, CA 95616-8665, 
USA. 

Current microbiology (UNITED STATES) Feb 1998, 36 (2) p85-9, ISSN 
0343-8651 Journal Code: 7808448 
Document type: Journal Article 
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Buchnera aphidicola, the endosymbiont of the aphid Schizaphis graminum, 
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Structural studies of Escherichia coli TOP-N-acetylmuramate:L- alanine 
ligase. 
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Division of Macromolecular Structure and Analytical Research and 
Development, Bristol-Myers Squibb Pharmaceutical Research Institute, 
Princeton, New Jersey 08543-4000, USA. ^ 

Biochemistry (UNITED STATES) Feb 6( 1996^> 35 (5) pl423-31, ISSN 
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Uridine diphosphate N-acetylmuramate : L-alanine ligase (EC 6.3.2.8, 
UNAM : L-Ala ligase or MurC gene product) adds the first amino acid to the 
sugar moiety of the peptidoglycan precursor, catalyzing one of the 
essential steps in cell wall biosynthesis for both gram-positive and 
gram-negative bacteria. Here, we report our studies on the secondary and 
quaternary structures of UNAM : L-Ala ligase from Escherichia coli. The 
molecular weight of the purified recombinant enzyme determined by 
electrospray ionization mass spectrometry agreed well with the molecular 
weight deduced from the DNA sequence. Through sedimentation equilibrium 
analysis, we show that the enzyme exists in equilibrium between monomeric 
and dimeric forms and that the dissociation constant of the dimer, Kd, was 
determined to be 1.1 +/- 0.4 microM at 37 degrees C and 0.58 +/- 0.30 
microM at 4 degrees C. A very similar Kd value was also obtained at 37 
degrees C by gel filtration chromatography. The secondary structure of the 
enzyme was characterized by circular dichroism spectroscopy. No change in 
the secondary structure was observed between the monomeric and dimeric 
forms of the enzyme. The activity assays at enzyme concentrations both 
below and above the determined Kd value lead to the conclusion that the 
enzyme is active both as dimers and as monomers and that_ the specific 
activity is independent of the oligomerization state. 
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Biochemical evidence for the formation of a covalent acyl -phosphate 
linkage between TOP -N-acetylmuramate and ATP in the Escherichia coli 
TOP -N-acetylmuramate: L-alanine ligase-catalyzed reaction. 

Falk P J; Ervin K M; Volk K S; Ho H T 

Department of Microbiology, Bristol-Myers Squibb Pharmaceutical Research 
Institute, Wallingford, Connecticut 06492, USA. 

Biochemistry (UNITED STATES) Feb 6 1996, 35 (5) pl417-22, ISSN 
0006-2960 Journal Code: 0370623 
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In the peptidoglycan biosynthesis pathway in Escherichia coli, 
UDP-N-acetylmuramate:L-alanine ligase ( MurC ) catalyzes the formation of 
UDP-N-acetylmuramyl-L-alanine . A peptide bond is formed in this reaction 
and an ATP molecule is hydrolyzed concomitantly to produce ADP and 
orthophosphate. A biochemical approach was devised to elucidate the role of 
ATP in this reaction. A fusion construct pMAL : : murC was prepared and the 
maltose binding protein- -UDP-N-acetylmuramyl : L-alanine ligase fusion 
protein was overproduced in E. coli/pMal:: murC upon isopropyl 
beta-thiogalactoside induction. The fusion protein was purified to > or = 
90% homogeneity by a single-step affinity chromatography. Subsequently, the 
ligase was released from the maltose binding protein by proteolytic 
cleavage and was purified to > or = 95% homogeneity by an ion -exchange 
chromatographic step. The kinetic parameters of the regenerated ligase are 
comparable to those of the purified native enzyme. This ligase was used to 
investigate the role that ATP plays in the formation of 
UDP-N-acetylmuramyl-L-alanine. UDP-N-acetyl [180] muramate (with 180 located 
at the carboxylate function only) was prepared by a combination of chemical 
and enzymatic processes and was used as the substrate of the ligase to 
probe the reaction mechanism. All reaction products were purified and 
subjected to liquid chromatographic -mass spectrometric analysis. A single 
[180] oxygen was transferred from UDP-N-acetyl [180] muramate to the 
orthophosphate produced in the reaction. No [180] oxygen was detected in the 
adenosine nucleotides recovered from the reaction. These results strongly 
suggest that this ligase-catalyzed peptide formation proceeds through an 
activated acyl -phosphate linkage during the reaction process. ATP therefore 
assists in the process of the peptide bond formation by donating its 
gamma-phosphoryl group to activate the carboxyl group of 
UDP-N-acetylmuramic acid. 
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A murC gene in Porphyromonas gingivalis 381. 

Ansai T; Yamashita Y; Awano S; Shibata Y; Wachi M; Nagai K; Takehara T 
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The gene encoding a 51 kDa polypeptide of Porphyromonas gingivalis 381 
was isolated by immunoblotting using an antiserum raised against P. 
gingivalis alkaline phosphatase. DNA sequence analysis of a 2.5 kb DNA 
fragment containing a gene encoding the 51 kDa protein revealed one 



complete and two incomplete ORFs. Database searches using the FASTi^^ogram 
revealed significant homology between the P. gingivalis 51 kDa protein and 
the MurC protein of Escherichia coli, which functions in peptidoglycan 
synthesis. The cloned 51 kDa protein encoded a functional product that 
complemented an E. coli murC mutant. Moreover, the ORF just upstream of 
murC coded for a protein that was 31% homologous with the E. coli MurG 
protein. The ORF jus t downstream of murC _c oded for a protein that was 17% 
homologous with theyst reptococcus pneumoniae^b enicillin-bindinq protein 2B 
(PBP2B) , which functions in peptidoglycan synthesis and is responsible for 
antibiotic resistance. These results suggest that P. gingivalis contains a 
homologue of the E. coli peptidoglycan synthesis gene murC and indicate 
the possibility of a cluster of genes responsible for cell division and 
cell growth, as in the E. coli mra region. 
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Cloning and sequencing of Staphylococcus aureus murC , a gene essential 
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Staphylococcus aureus is a major human pathogen that is increasingly 
resistant to clinically useful antimicrobial agents. While screening for S. 
aureus genes expressed during mammalian infection, we isolated murC . This 
gene encodes UDP-N-acetylmuramoyl-L-alanine synthetase, an enzyme essential 
for cell wall biosynthesis in a number of bacteria. S. aureus MurC has a 
predicted mass 49,182 Da and complements the temperature-sensitive murC 
mutation of E. coli ST222. Sequence data on the DNA flanking staphylococcal 
murC suggests that the local gene organization there parallels that found 
in B. subtilis, but differs from that found in gram-negative bacterial 
pathogens. MurC proteins represent promising targets for broad spectrum 
antimicrobial drug development. 
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12003272 99449055 PMID: 10520745 

The division and cell wall gene cluster of Enterococcus hirae S185. 

Duez C; Thamm I; Sapunaric F; Coyette J; Ghuysen J M 

Centre d'Ingenierie des Proteines, Universite de Liege, Institut de 
Chimie, Sart Tilman, Belgium. 

DNA sequence - the journal of DNA sequencing and mapping (SWITZERLAND) 
1998, 9 (3) pl49-61, ISSN 1042-5179 Journal Code: 9107800 

Document type: Journal Article 



Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 
Subfile: INDEX MEDICUS 

A chromosomal 10355 -bp segment of Enterococcus hirae S185 contains nine 
orfs which occur in the same order as the MraW-, FtsL- , PBP3-, MraY-, 
MurD-, MurG-, FtsQ- , FtsA- and FtsZ-encoding genes^of the division and cell 
wall clusters of Escherichia coli and Bacillus subtilis. The E. hi rae D NA 
segment /'lagjt*? the genes which in E. coli encode the ligases Ddl , fMurS) , 
MurE and~MurF and the integral membrane protein FtsW. The encoded E^hirae 
and E. coli proteins share 25% to 50% identity except FtsL and FtsQ 
(approximately = 14% identity) . 

Tags: Comparative Study; Support, Non-U. S. Gov't 

Descriptors : *Enterococcus - -genetics - -GE ; *Genes , Bacterial ; *Mul tigene 
Family; Amino Acid Sequence; Bacillus subtilis- -genetics- -GE; Bacterial 
Proteins--genetics--GE; Base Sequence; DNA Primers- -genetics- -GE; DNA, 
Bacterial - -genetics - -GE ; Escherichia coli - -genetics- -GE ; Molecular Sequence 
Data; Species Specificity 

Molecular Sequence Databank No. : GENBANK/ Y 1 3 9 2 2 

CAS Registry No.: 0 (Bacterial Proteins); 0 (DNA Primers) ; 0 (DNA, 
Bacterial) 

Record Date Created: 19991105 
Record Date Completed: 19991105 
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11887974 99330160 PMID: 10403366 

Formation of adenosine 5 1 - tetraphosphate from the acyl phosphate 
intermediate: a difference between the MurC and MurD synthetases of 
Escherichia coli. 

Bouhss A; Dementin S; van Heijenoort J; Parquet C; Blanot D 

Biochimie Structurale et Cellulaire, EP 1088 CNRS, Universite de 
Paris-Sud, Orsay, France. /fP^ j^^*^^ 

FEBS letters (NETHERLANDS) (jUp' 18 n.999 453 (1-2) pl5-9, ISSN 
0014-5793 Journal Code: 0155157 V_^/ 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Subfile: INDEX MEDICUS 



The mechanism of the i Mur synthetase^ of peptidoglycan biosynthesis is 
thought to involve in each case the successive formation of an acyl 
phosphate and a tetrahedral intermediate. The existence of the acyl 
phosphates for the MurC and MurD enzymes from Escherichia coli was firmly 
established by their in situ reduction by sodium borohydride followed by 
acid hydrolysis, yielding the corresponding amino alcohols. Furthermore, it 
was found that MurD, but not MurC , catalyses the synthesis of adenosine 
5 ' -tetraphosphate from the acyl phosphate, thereby substantiating its 
existence and pointing out a difference between the two enzymes. 

Tags: Comparative Study; Support, Non-U. S. Gov't 

Descriptors: *Adenine Nucleotides - -biosynthesis- -BI ; *Peptide Synthases 
--metabolism--ME; Acylation; Peptide Synthases- -chemistry- -CH; Phosphoric 
Acid Esters- -metabolism- -ME 

CAS Registry No.: 0 (Adenine Nucleotides); 0 (Phosphoric Acid Esters) 
; 1062-98-2 (adenosine 5 ' -tetraphosphate) 

Enzyme No.: EC 6.3.2. (Peptide Synthases); EC 6.3.2.8 

(UDP-N-acetylmuramoyl -alanine synthetase); EC 6.3.2.9 (UDP-N-acetylmuramo 
ylalanine-D-glutamate ligase) 

Record Date Created: 19990802 

Record Date Completed: 19990802 
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protein was 50 kDa. Expression of the B. lactof ermentum ftsZ gWR in E. 
coli inhibited cell division and led to fi lamentation . The ftsZ gene of 
this organism does not complement ftsZ mutations or deletions in E. coli, 
when cloned on low or high -copy- number vectors. 
Tags: Comparative Study; Support, Non-U. S. Gov't 

Descriptors : ^Bacterial Proteins - -chemistry- -CH; *Bacterial Proteins 
- -genetics- -GE; *Brevibacterium- -genetics- -GE; *Chromosomes , Bacterial 
- -chemistry- -CH; Amino Acid Sequence; Base Sequence; Blotting, Western; 
Cell Division--genetics--GE; Cloning, Molecular; Escherichia coli- -genetics 
- -GE; Escherichia coli--growth and development --GD; Genes, Structural, 
Bacterial; Molecular Sequence Data; Nucleic Acid Hybridization; Polymerase 
Chain Reaction; Recombinant Proteins- -biosynthesis--BI ; Sequence Analysis, 
DNA; Sequence Homology, Amino Acid; Transcription, Genetic 

Molecular Sequence Databank No.: GENBANK/Y08 964 

CAS Registry No.: 0 (Bacterial Proteins); 0 (FtsZ protein); 0 
(Recombinant Proteins) 
Record Date Created: 19981001 
Record Date Completed: 19981001 
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11504325 98389652 PMID : 9721276 

Contribution of the Pmra promoter to expression of genes in the 
Escherichia coli mra cluster of cell envelope biosynthesis and cell 
division genes. 

Mengin-Lecreulx D; Ayala J; Bouhss A; van Heijenoort J; Parquet C; Hara H 

Laboratoire des Enveloppes Bacteriennes , Centre National de la Recherche 
Scientif ique, Universite Paris-Sud, 91405 Orsay Cedex, France, 
dominique . mengin- lecreulxOebp . u-psud . f r 

Journal of bacteriology (UNITED STATES) Sep 1998, 180 (17) p4406-12, 
ISSN 0021-9193 Journal Code: 2985120R 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Subfile: INDEX MEDICUS 

Recently, a promoter for the essential gene ftsl, which encodes 
penicillin-binding protein 3 of Escherichia coli, was precisely localized 
1.9 kb upstream from this gene, at the beginning of the mra cluster of cell 
division and cell envelope biosynthesis genes (H. Hara, S. Yasuda, K. 
Horiuchi, and J. T. Park, J. Bacteriol . 179:5802-5811, 1997) . Disruption of 
this promoter (Pmra) on the chromosome and its replacement by the lac 
promoter (Pmra::Plac) led to isopropyl-beta-D-thiogalactopyranoside 
(IPTG) -dependent cells that lysed in the absence of inducer, a defect which 
was complemented only when the whole region from Pmra to ftsW, the fifth 
gene downstream from ftsl, was provided in trans on a plasmid. In the 
present work, the levels of various proteins involved in peptidoglycan 
synthesis and cell division were precisely determined in cells in which 
Pmra::Plac promoter expression was repressed or fully induced. It was 
confirmed that the Pmra promoter is required for expression of the first 
nine genes of the mra cluster: mraZ (orfC) , mraW (orfB) , ftsL (mraR) , ftsl, 
murE, murF, mraY, murD, and f tsW^^interestingly , three- to 
sixfold-decreased levels of MurG and ^MurC^> enzymes were observed in 
uninduced Pmra::Plac cells. This was cor reTaTedwi t h an accumulation of the 
nucleotide precursors UDP-N-acetylglucosamine and UDP-N-acetylmuramic acid, 
substrates of these enzymes, and with a depletion of the pool of 
UDP-N-acetylmuramyl pentapeptide , resulting in decreased cell wall 
peptidoglycan synthesis. Moreover, the expression of ftsZ, the penultimate 
gene from this cluster, was significantly reduced when Pmra expression was 
repressed. It was concluded that the transcription of the genes located 
downstream from ftsW in the mra cluster, from murG to ftsZ, is also mainly 
(but not exclusively) dependent on the Pmra promoter. 

Tags: Support, Non-U. S. Gov't 

Descriptors: *Cell Division- -genetics- -GE; *Escherichia coli- -genetics 
- -GE; *Gene Expression Regulation, Bacterial- -genetics- -GE; *Multigene 
Family; ^Promoter Regions (Genetics); Cell Membrane- -metabolism- -ME; 




contains the gene ftsZ, which codes for a protein involved in the 
initiation of septum formation during cell division. With immunological 
techniques, this protein has been detected in cell-free extracts of the 
endosymbiont . Nucleotide sequence determination of a 6.4-kilobase B. 
aphidicola DNA fragment has indicated that, as in E. coli, ftsZ is adjacent 
to genes coding for other cell division proteins as well as genes involved 
in murein synthesis ( murC -ddlB-f tsA- f tsZ) . Although B. aphidicola ftsZ is 
expressed in E. coli, it cannot complement E. coli ftsZ mutants. High 
levels of B. aphidicola FtsZ results in the formation of long filamentous 
E. coli cells, suggesting that this protein interferes with cell division. 
The presence of FtsZ indicates that in this, as well as in many other 
previously described properties, B. aphidicola resembles free-living 
bacteria. 

Tags: Animal; Support, U.S. Gov't, Non-P.H.S. 

Descriptors : *Aphids - -genetics- -GE; *Bacterial Proteins- -analysis- -AN; 
♦Bacterial Proteins- -genetics --GE; *Plasmids - -genetics- -GE; Amino Acid 
Sequence ; Aphids - -microbiology- -MI ; Cell Division- -genetics - -GE ; DNA, 
Bacterial- -analysis- -AN; DNA, Bacterial- -genetics - -GE; Escherichia coli 
--genetics--GE; Escherichia coli - -physiology- -PH; Gene Expression 

- -genetics - -GE ; Gene Expression- -physiology- -PH; Genes , Insect- -genetics 
- -GE ; Genetic Complementation Test; Molecular Sequence Data; Sequence 
Homology, Amino Acid 

Molecular Sequence Databank No. : GENBANK/ AF 012 886 

CAS Registry No.: 0 (Bacterial Proteins); 0 (DNA, Bacterial); 0 
(FtsZ protein) ; 0 (Plasmids) 
Record Date Created: 19980310 
Record Date Completed: 19980310 
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11063274 97417719 PMID : 9268677 

High-level expression of soluble protein in Escherichia coli using a 
His6-tag and maltose-binding-protein double -affinity fusion system. 

Pryor K D; Leiting B 

Department of Biochemistry, Merck Research Laboratories, Rahway, New 
Jersey 07065, USA. 

Protein expression and purification (UNITED STATES) Aug 1997, 10 (3) 
p309-19, ISSN 1046-5928 Journal Code: 9101496 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

Subfile: INDEX MEDICUS 

Using the maltose-binding protein (MBP) fusion vector pMAL-cl from C. V. 
Maina et al . (1988, Gene 74, 365-373), we have constructed expression 
vectors which contain a sequence encoding six consecutive histidine 
residues (His6-tag) at the 3' end of the MBP-encoding malE gene which is 
followed by either a thrombin-binding site (LVPRGS) or a factor Xa-binding 
site (IEGR) . The benefits of this approach include; (a) high expression 
levels of soluble MBP fusion proteins (exceeding 2% of the total cellular 
protein) , (b) high-quality purification of proteins under various 
conditions (high salt, low salt, denaturing, nondenaturing, etc.), and (c) 
two alternative protease cleavage sites to test for the most efficient 
cleavage of each fusion protein. We also constructed these MBP-His 6-tag 
expression vectors with alternative selection markers (Ampr, Kanr) and 
alternative promoters (tac, T7) . Using these constructs, we expressed and 
purified several proteins of which we present two, penicillin-binding 
protein PBP2a and UDP-N-acetylmuramate : L-alanine ligase ( MurC ), and 
compare their expression level and purity with other expression systems. We 
also discuss the use of minimal media with supplements versus rich media 
and cell growth strategies to optimize the protein yield in general and for 
isotope labeling. 

Descriptors: *Carrier Proteins- -biosynthesis- -BI ; *Carrier Proteins 
- -genetics --GE; *Escherichia coli- -genetics- -GE; *Muramoylpentapeptide 
Carboxypeptidase- -biosynthesis - -BI ; *Peptide Synthases - -biosynthesis- -BI ; 
♦Recombinant Fusion Proteins- -biosynthesis- -BI ; Amino Acid Sequence; Base 



Sequence; Binding Sites; Carrier Proteins- -chemistry- -CH; Carrier Proteins 
--isolation and purification- -IP; Chromatography, Affinity; Cloning, 
Molecular; Electrophoresis, Polyacrylamide Gel; Gene Expression; Genetic 
Vectors ; Histidine - -chemistry- -CH; Histidine- -genetics - -GE ; Molecular 
Sequence Data ; Muramoylpent apept ide Carboxypept idase - -genetics - -GE ; 

Muramoylpentapeptide Carboxypept idase- -isolation and purification- -IP; 
Peptide Synthases- -genetics- -GE; Peptide Synthases --isolation and 
purification- -IP; Recombinant Fusion Proteins - -chemistry- -CH; Recombinant 
Fusion Proteins--isolation and purif ication--IP; Solubility 

CAS Registry No.: 0 (Carrier Proteins); 0 (Genetic Vectors) ; 0 

(Recombinant Fusion Proteins) ; 0 (maltose-binding protein) ; 0 

(penicillin-binding protein) ; 71-00-1 (Histidine) 

Enzyme No.: EC 3.4.17.8 (Muramoylpentapeptide Carboxypept idase) ; EC 
6.3.2. (Peptide Synthases); EC 6.3.2.8 (UDP-N-acetylmuramoyl- alanine 
synthetase) 

Record Date Created: 19971003 

Record Date Completed: 19971003 
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10956798 97309380 PMID : 9166795 

Conditionally lethal Escherichia coli murein mutants contain point 
defects that map to regions conserved among murein and folyl 
po ly- gamma -glutamate ligases: identification of a ligase superfamily. 

Eveland S S; Pompliano D L; Anderson M S 

Department of Enzymology, Merck Research Laboratories, Rahway, New Jersey 
07065, USA. 

Biochemistry (UNITED STATES) May 20 1997, 36 (20) p6223-9, ISSN 
0006-2960 Journal Code: 0370623 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 
Subfile: INDEX MEDICUS 

Bacterial peptidoglycan biosynthesis includes four enzymatic reactions in 
which successive amino acid residues are ligated to uridine 
diphospho-N-acetylmuramic acid (UDP-MurNAc) . By comparing the amino acid 
sequences of MurC , -D, -E, and -F proteins from various bacterial genera, 
four regions of homology were identified. A profile search of Swissprot for 
related sequences revealed that these regional similarities were present in 
the folyl -gamma-polyglutamate ligases. These sequence homologies appear to 
track with catalytic function:" both enzyme families proceed" through an 
ordered kinetic mechanism and form product via an acyl phosphate 
intermediate. Two highly conserved residues in region II were examined 
through site-directed mutagenesis of the murein D-alanyl-D-alanine-adding 
enzyme from Escherichia coli (murF; E158 and H188) . All mutations were 
highly detrimental to activity with enzyme specific activity reductions of 
200-4500-fold, validating the critical nature of these residues. DNA 
sequence analysis from three E. coli mutants harboring the murC3 (G344D) , 
murEl (G344K, A495S) , and murF2 (A288T) mutations revealed the presence of 
point mutation (s) closely associated with the fourth of these aligned 
regions. The murF2 allele, expressed and purified as a glutathione 
S-transf erase : :MurF2 fusion, was 181-fold less catalytically active at 30 
degrees C and was further reduced at the nonpermissive temperature (42 
degrees C) . Thus the murF2 temperature-sensitive phenotype arises from a 
point mutation within a highly conserved region within this protein family. 
These data argue that these proteins comprise a superfamily of three 
substrate amide ligases that share significant structural and catalytic 
homologies . 

Tags : Comparative Study 

Descriptors: *Escherichia coli- -genetics- -GE; *Peptide Synthases 
- -classification- -CL; * Peptide Synthases- -genetics- -GE; *Peptidoglycan 
- -biosynthesis --BI; * Point Mutation; Amino Acid Sequence; Conserved 
Sequence; Escherichia coli- -enzymology- -EN; Molecular Sequence Data; 
Mutagenesis, Site -Directed; Peptide Synthases- -metabolism- -ME; Sequence 
Analysis; Sequence Homology, Amino Acid 



Molecular Sequence Databank No.: GENBANK/U67892 ; GENBANK/U67 893 ; 
GENBANK/U67894 

CAS Registry No. : 0 (Peptidoglycan) 

Enzyme No.: EC 6.3.2. (Peptide Synthases); EC 6.3.2.15 

(UDP-N-acetylmuramoylalanyl -glutamyl -2 , 6 -diaminopimelate-alanyl -alanine 
ligase) ; EC 6.3.2.17 (f olylpolyglutamate synthetase) 
Record Date Created: 19970623 
Record Date Completed: 19970623 
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10949971 97302472 PMID : 9158719 

Study of the overproduced uridine -diphosphate -N- ace tylmuramate : L-alanine 
ligase from Escherichia coli. 

Liger D; Masson A; Blanot D; van Heijenoort J; Parquet C 

Unite de Recherche Associee 1131 du CNRS, Biochimie Moleculaire et 
Cellulaire, Universite Paris-Sud, France. 

Microbial drug resistance (Larchmont, N.Y.) (UNITED STATES) Spring 1996 
, 2 (1) p25-7, ISSN 1076-6294 Journal Code: 9508567 

Document type: Journal Article 

Language s : ENGL I SH 

Main Citation Owner: NLM 

Record type : Completed 

Subfile: INDEX MEDICUS 

The UDP-N-acetylmuramate : L-alanine ligase of Escherichia coli is 
responsible for the addition of the first amino acid of the peptide moiety 
in the assembly of the monomer unit of peptidoglycan. It catalyzes the 
formation of the amide bond between UDP-N-acetylmuramic acid (UDP-MurNAc) 
and L-alanine. The UDP-MurNAc -L-alanine ligase was overproduced 2000-fold 
in a strain harboring a recombinant plasmid (pAMlOOS) with the murC gene 
under the control of the inducible promoter trc. The murC gene product 
appears as a 50-kDa protein accounting for ca. 50% of total cell proteins. 
A two-step purification led to 1 g of a homogeneous protein from an 8 -liter 
culture. The N-terminal sequence of the purified protein correlated with 
the nucleotide sequence of the gene. The stability of the enzymatic 
activity is strictly dependent on the presence of 2 -mercaptoethanol . The 
K(m) values for substrates UDP-N-acetylmuramic acid, L-alanine, and ATP 
were estimated; 100, 20, and 450 microM, respectively. The specificity of 
the enzyme for its substrates was investigated with various analogues. 
Preliminary experiments attempting to elucidate the enzymatic mechanism 
were consistent with the formation of an acylphosphate intermediate. 

Descriptors: *Escherichia coli- -enzymology- -EN; *Peptide Synthases 
- -biosynthesis- -BI; Alanine- -metabolism- -ME; Chromatography, Thin Layer; 
Escherichia coli- -genetics --GE; Genes, Bacterial- -genetics --GE; Kinetics; 
Peptide Synthases- -genetics- -GE; Plasmids; Substrate Specificity 

CAS Registry No. : 0 (Plasmids); 56-41-7 (Alanine) 

Enzyme No.: EC 6.3.2. (Peptide Synthases); EC 6.3.2.8 

(UDP-N-acetylmuramoyl -alanine synthetase) 
Record Date Created: 19970619 
Record Date Completed: 19970619 
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10780696 97130849 PMID: 8976565 

Kinetic and crystallographic studies of Escherichia coli 
UDP-N- acetylmuramate : L-alanine ligase . 

Emanuele J J; Jin H; Jacobson B L; Chang C Y; Einspahr H M; Villafranca J 

J 

Division of Macromolecular Structure, Bristol-Myers Squibb Pharmaceutical 
Research Institute, Princeton, New Jersey 08543-4000, USA. 

Protein science - a publication of the Protein Society (UNITED STATES) 
Dec 1996, 5 (12) p2566-74, ISSN 0961-8368 Journal Code: 9211750 

Document type: Journal Article 
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Uridine diphosphate -N- ace tylmuramate : L-alanine ligase (EC 6.3.2.8, 
UNAM : L-Ala ligase or MurC gene product) catalyzes the ATP-dependent 
ligation of the first amino acid to the sugar moiety of the peptidoglycan 
precursor. This is an essential step in cell wall biosynthesis for both 
gram-positive and gram-negative bacteria. Optimal assay conditions for 
initial velocity studies have been established. Steady-state assays were 
carried out to determine the effect of various parameters on enzyme 
activity. Factors studies included: cation specificity, ionic strength, 
buffer composition and pH. At 37 degrees C and pH 8.0, kcat was equal to 
980 +/- 40 min-1, while K(m) values for ATP, UNAM, and L-alanine were, 130 
+/- 10, 44 +/- 3, and 48 +/- 6 microM, respectively. Of the metals tested 
only Mn, Mg, and Co were able to support activity. Sodium chloride, 
potassium chloride, ammonium chloride, and ammonium sulfate had no effect 
on activity up to 75 mM levels. The enzyme, in appropriate buffer, was 
stable enough to be assayed over the pH range of 5.6 to 10.1. pH profiles 
of Vmax/K(m) for the three substrates and of Vmax were obtained. 
Crystallization experiments with the enzyme produced two crystal forms. One 
of these has been characterized by X-ray diffraction as monoclinic, space 
group C2, with cell dimensions a = 189.6, b = 92.1, c = 75.2 A, beta = 105 
degrees, and two 54 kDa molecules per asymmetric unit. It was discovered 
that the enzyme will hydrolyze ATP in the absence of L-alanine. This 
L-alanine independent activity is dependent upon the concentrations of both 
ATP and UNAM; kcat for this activity is less than 4% of the biosynthetic 
activity measured in the presence of saturating levels of L-alanine. 
Numerous L-alanine analogs tested were shown to stimulate ATP hydrolysis. A 
number of these L-alanine analogs produced novel products as accessed by 
HPLC and mass spectral analysis. All of the L-alanine analogs tested as 
inhibitors were competitive versus L-alanine. 

Descriptors: *Escherichia coli- -enzymology- -EN; *Peptide Synthases 
- -chemistry- -CH; Crystallization; Crystallography, X-Ray ; Kinetics ; 
Substrate Specificity 

Enzyme No.: EC 6.3.2. (Peptide Synthases); EC 6.3.2.8 

(UDP-N-acetylmuramoyl -alanine synthetase) 

Record Date Created: 19970319 

Record Date Completed: 19970319 
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Kinetic mechanism of the Escherichia coli UDPMurNAc- tripeptide 
D-alanyl-D-alanine-adding enzyme: use of a glutathione S- transferase 
fusion. 

Anderson M S; Eveland S S; Onishi H R; Pompliano D L 

Department of Enzymology, Merck Research Laboratories, Rahway, New Jersey 
07065, USA. matt anderson@merck.com 

Biochemistry (UNITED STATES) Dec 17 1996, 35 (50) p!6264-9, ISSN 
0006-2960 Journal Code: 0370623 

Document type: Journal Article 
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Main Citation Owner: NLM 
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The D-alanyl-D-alanine-adding enzyme encoded by the murF gene catalyzes 
the ATP-dependent formation of UDP-N-acetylmuramyl-L-gamma-D-Glu-meso-diami 
nopimelyl-D-Ala-D-Ala (UDP-MurNAc- tripeptide) . MurF has been cloned from 
Escherichia coli and expressed as a glutathione S-transf erase (GST) fusion 
using the tac promoter-based pGEX-KT vector. From induced, broken cell 
preparations, highly active fusion was recovered and purified in one step 
by affinity chromatography. The purified fusion protein was strongly 
inhibited by substrate UDPMurNAc -tripeptide, a response unaltered by 
changes in assay pH or by cleavage from the fusion partner. However, this 
effect was suppressed by the addition of 0 . 5 M NaCl . Initial velocity and 



dead-end inhibitor studies with the fusion enzyme were most consistCTlt with 
a sequential ordered kinetic mechanism for the forward reaction in which 
ATP binds to free enzyme, followed by tripeptide and D-Ala-D-Ala in 
sequence prior to product release. Reported homologies between the MurF 
protein and the three preceding steps of cytoplasmic murein biosynthesis, 

MurC , -D, and -E, [Ikeda et al . (1990) J. Gen. Appl . Microbiol. 36, 
179-187] , raise the prospect that all of these enzymes will be found to 
proceed via this mechanism. 

Descriptors: *Escherichia coli- -enzymology- -EN; *Peptide Synthases 
- -metabolism- -ME ; Adenosine Triphosphate - -analogs and derivatives - -AA; 

Adenosine Triphosphate- -metabolism- -ME; Base Sequence; Cloning, Molecular; 
DNA Primers; Glutathione Transferase- -biosynthesis- -BI ; Kinetics; Peptide 
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Proteins - -biosynthesis- -BI ; Recombinant Fusion Proteins- -metabolism- -ME; 
Substrate Specificity 
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Identification of the mpl gene encoding UDP-N-acetylmuramate: 
L-alanyl-gamma-D-gl^utamyl-meso-diaminopimelate ligase in Escherichia coli 
and its role in^recycl^ig of cell wall peptidoglycan. 

Mengin-Lecreulx~DT^van Heijenoort J; Park J T 
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A gene, mpl, encoding UDP-N-acetylmuramate : L-alanyl -gamma -D- glutamyl -meso 
-diaminopimelat e ligase was recognized by its amino acid sequence homology 
with murC as the open reading frame yj f G present at 96 min on the 
Escherichia coli map. The existence of such an enzymatic activity was 
predicted from studies indicating that reutilization of the intact 
tripeptide L-alanyl -gamma -D-glutamyl -meso -diaminopimelate occurred and 
accounted for well over 30% of new cell wall synthesis. Murein tripeptide 
ligase activity could be demonstrated in crude extracts, and greatly 
increased activity was produced when the gene was cloned and expressed 
under control of the trc promoter. A null mutant totally lacked activity 
but was viable, showing that the enzyme is not essential for growth. 
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Over-production, purification and properties of the 

uridine-diphosphate-N-acetylmuramate:L-alanine ligase from Escherichia 
coli . 
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The UDP-N-acetylmuramate:L-alanine ligase of Escherichia coli was 
over-produced in strains harbouring recombinant plasmids bearing the murC 
gene under the control of the lac or trc promoter. Plasmid pAMlOOS, in 
which the promoter and ribosome -binding site region of murC were removed 
and in which the gene was directly under the control of promoter trc, led 
to a 2000-fold amplification of the L-alanine-adding activity after 
induction by isopropyl - thio-beta-D-galactopyranoside . The murC gene 
product was visualized as a 50-kDa protein accounting for approximately 50% 
of the cell protein. A two-step purification led to 1 g of a homogeneous 
protein from an 18-1 culture. The N-terminal sequence of the purified 
protein correlated with the nucleotide sequence of the murC gene. The 
presence of 2 -mercaptoethanol and glycerol was essential for the stability 
of the enzyme. The Km values for UDP-N-acetylmuramic acid, L- alanine and 
ATP/Mg2+ were "estimated at 100, 20 and 450 microM, respectively. Under the 
optimal in vitro conditions a turnover number of 928 min-1 was calculated 
and a copy number/cell of 600 could be roughly estimated. The specificity 
of the enzyme for its substrates was investigated with various analogues. 
The enzyme also catalysed the reverse reaction. 
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We report the identification, cloning, and mapping of a new cell envelope 
gene, murG. This lies in a group of five genes of similar phenotype (in the 
order murE murF murG murC ddl) all concerned with peptidoglycan 
biosynthesis. This group is in a larger cluster of at least 10 genes, all 
of which are involved in some way with cell envelope growth. 
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Determination of transcriptional units and gene products from the ftsA 
region of Escherichia coli. 
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Lambda transducing phage gamma 16-2 carries the genes envA, ftsZ, ftsA, 
ddl, and murC and directs the synthesis of six unique proteins in 
ultraviolet-irradiated cells. Various derivatives of gamma 16-2 carrying 



- smaller segments of the bacterial deoxyribonucleic acid have ai?b been 
analyzed for their capacity to direct protein synthesis in 
ultraviolet-irradiated cells. These results, in combination with genetic 
results, have allowed the gene product of each of these genes to be 
assigned. In addition, an unidentified gene was located counterclockwise to 
murC between murC and murF. Analysis of the direction of transcription 
indicates that murC , ddl, ftsA, and ftsZ are transcribed clockwise on the 
Escherichia coli genetic map, and envA is transcribed counterclockwise. In 
addition, it is shown that each of the genes envA, ftsZ, and ftsA can be 
expressed independently. 
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Identification of the Escherichia coli cell division gene sep and 
organization of the cell division-cell envelope genes in the 
sep-mur- f tsA-envA cluster as determined with specialized transducing lambda 
bacteriophages • 
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From a lysogen with lambda integrated in the leu operon, specialized 
transducing phages that carry the cell division, murein biosynthesis, and 
envelope permeability genes located about 0.5 min to the right of leu were 
isolated. These phages were used to identify the previously undiscovered 
cell division gene sep. A genetic map proves that sep is located in the 
sequence leuA sep murE murF murC ddl ftsA envA. A physical map of this 
region was prepared by heteroduplex analysis of the phage DNAs . Overlapping 
segments of host DNA extended rightward for as much as 26.4 kilobase pairs 
from the prophage insertion point (thought to be in leuA) to include all 
the genes through envA. 
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L 1 ef f icacité des antibiotiques dans la th&eacute ; rapie 
anti-inf ectieuse : est menac&eacute ; e par le phénomène de la 
r&eacute ,-sistance bact&eacute ; rienne contre la plupart des agents 
antimicrobiens . Cette situation mondiale n&eacute ; cessite 1 • identification 
de nouvelles cibles th&eacute ; rapeutiques et la conception rationelle de 
nouveaux inhibiteurs . Nous avons &eacute ; tudi&eacute ; les g&egrave,-nes de 
la division cellulaire et plus particuliè rement le gène 
<italic> murC </italic>, codant pour 1 1 enzyme UDP-<italic>N</italic>-acetyl 
muramate : L-alanine ligase ( MurC ), une enzyme clé dans la 
biosynthè se du pré curseur cytoplasmique du peptidoglycan . 
Nous avons cloné et séquencé le gène <italic> 
murC </italic> de <italic> Pseudomonas aeruginosa</italic> codant pour une^ 
proté ine de 53 kDa. Le g&egrave,-ne est capable de 
complé mentation gé nique chez une souche <italic>E. coli 
murCts</italic> à la temp&eacute ; rature restrictive. La 
proté ine a é té surproduite et purif i&eacute ; e à 
plus de 99% d' homogé n&eacute ;i t&eacute ; . Dans le but 
d' é tablir une carte d' épitopes et de d&eacute ; velopper des 
inhibiteurs, "MurC a &eacute ; té utilisé e pour 
d&eacute /velopper des anticorps monoclonaux. Les analyses 
phylogéné tiques ef f ectué es en comparant les 
séquences peptidiques de MurC chez 2 0 espè ces 
bacté riennes appuient 1 ' hypoth&egrave ; se qu'un inhibiteur 
spécif ique contre MurC aurait une activité universelle 
inhibi trice et que cette enzyme repr&eacute ; sente une bonne cible 
th&eacute ; rapeutique . 
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